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1.0.00 SYSTEM FUNDAMENTALS 



1. 1. 00 STORAGE PRINCIPLES 

Magnetic core storage is used in the IBM 1411 Central Processing Unit. Charac- 
ters are stored in the core- storage unit in binary-coded decimal (BCD) form. This 
requires seven bit locations, or core planes (C, B, A, 8, 4, 2, 1) for each char- 
acter position. An eighth core plane provides for the storage of word marks (see 
the section 1. 1. 04 Word Mark) . 

1. 1. 01 Addressin g 

Core-storage units are available in 10,000-, 20, 000-, or 40, 000-character position 
capacities. The arrays are arranged so that each character position can be indi- 
vidually addressed. 

Each core-storage address is five character positions. Valid addresses for a 
machine with 10, 000 characters of storage are 00000 to 09999. Valid addresses 
for a machine with 20, 000 characters of storage are 00000 to 19999. Valid ad- 
dresses for the maximum machine with 40,000 characters of storage are 00000 to 
39999. 

An attempt to use an invalid address results in an error. The numerical portion 
of the five -character address must consist only of valid numerical numbers from 
zero to nine. An attempt to use 8-3, 8-4, 8-5, 8-6, 8-7 or blank codes in ad- 
dresses results in an error-stop (address validity). The zone bits over the tens 
and hundreds positions are reserved for index tags as explained under 2. 7. 00 
Indexing. The units-, thousands-, and ten-thousands-positions must contain a no- 
zone indication, or an error-stop results. 

Core-storage addressing is as follows: 

1. To address an instruction in core storage, specify the location of the high- 
order character (operation code). 

2. Fields to be transferred within the core storage, or fields to be operated on 
arithmetically, are addressed by specifying the location of the low-order 
character of the field or record. Characters are transferred or operated on 
arithmetically in a low- to high-order sequence. 

3. For all data movements that originate or terminate outside the core storage, 
and for record moves within core storage, the data is addressed by specifying 
the location of the high-order character. Therefore, data addresses of all 
input-output operations, including the file, specify the location of the high- 
order character. On an I/O operation, characters are moved from high to 
low order. 

1. 1. 02 Data Word 



A data word is one complete unit of information that is comparable to a field in a 
card, such as an account number. 



1. 1. 03 Variable Word Length 

A data word may be a single character, or a group of characters. Words are 
not limited to any fixed number of character positions in the storage unit. 

1. 1. 04 Word Mark 



To define the length of a word, a word mark is stored as a single bit in the eighth 
core plane of storage in the high-order position of that word. This word-mark 
core-plane is in all storage positions. Thus, the high-order position of a word 
can be placed at any storage address. 

1. 1. 05 Scanning 

The core-storage unit can only read out one character at a time. To read out a 
whole word, it is necessary to read out character by character. The order that 
these characters are read out is determined by the needs of the machine. For 
example, when two fields are added together, the units positions of the fields must 
be read out first to determine the signs of the fields. Information read out to an 
output machine is read out high order to low order. 

The treatment of these words, character by character, is known as scanning . 
Reverse scanning is when the word is read out from high order to low order as in 
reading out to I/O machines. Forward scanning is the reading out of the low order 
position first. 

1. 2. 00 STORED PROGRAMMING 

The IBM 1410 system is controlled entirely by stored programming. A sequence 
or program routine of operations is stored or loaded in the core- storage unit be- 
fore the system processes data. The processing unit then proceeds, step by step, 
through the stored-program routine, analyzing each instruction and performing 
the function called for before proceeding to the next instruction. 

Just as program routines, or jobs in the machines using control panels can be 
changed by changing control panels, a stored-program routine can be changed by 
loading a new routine into the storage unit via some input machine. 

1. 2. 01 Instruction Word 

The instructions in core storage consist of a variable number of alphamerical 
characters that combine to make up an instruction word. Valid instruction words 
vary in length from one to twelve characters, depending on the amount of informa- 
tion that the operation requires. 



Valid instruction formats are: 



o 




o 


d 


o 


XXX d 


o 


AAAAA 


o 


AAAAA d 


o 


XXX BBBBB d 


o 


AAAAA BBBBB 


o 


AAAAA BBBBB d 



O signifies the single-character operation code, AAAAA is the five- character 
address of the A field. BBBBB is the five -character address of the B field. XXX 
is, the I/O unit and control field, and d is the operation modifier. 

The instruction words are arranged in core storage in sequence. Successive 
instructions are located in higher-numbered storage positions. Each instruction 
word must have a word mark with its operation code. It must not have any other 
word marks when executing the instruction, or a machine-stop results. There 
must also be a word mark in the location immediately to the right of the low- order 
character of the instruction word that ordinarily is the operation code for the next 
instruction. 

The address of an instruction for execution purposes is the location of its op- 
eration code. No operation code has two valid lengths that differ by only one char- 
acter. Instruction-length checking assures that the instruction length as read out 
of storage is one of the valid lengths for the particular operation code. 

1. 3. 00 CONTROL 

The central processing unit (CPU) is made up of four major areas: a storage unit, 
an address unit, an operational unit, and a control unit. ""^ 

1. The storage unit is the center of all data flow in the IBM 1410. Information 
reads into storage from the assembly channel and reads out through a B-data 
register to the B-channel. A five-position address is fed to the storage unit, 
to control the position of storage to be used. 

2. The address unit is used to store and to modify the five-position addresses 
that are used to locate the position of storage to be used. 

3. The operational unit contains all the units necessary to edit, compare, move 
or add data. 

4. The control unit contains registers, cycle controls, and a clock that are neces- 
sary to perform the various functions of the CPU. 

The operation of the IBM 1410 system is controlled by the program routine 
stored in the core-storage unit. The completion of each program step requires 
two phases called instruction (I) phase and execute (E) phase. 



1.3.01 Instruction Phase 

I-phase is the first portion of the program step that is required to read the instruc- 
tion word out of storage. The instruction word is made up of addresses, Op code, 
Op modifier, and control characters for I/O operations. As the characters read 
out during I-phase, they are stored in registers in the control or address units. A 
storage cycle is required to read each character out onto the B-channel. Because 
the length of the instruction words is variable.the number of cycles in I Phase is 
variable. 

I-phase is further divided into I-cycles. To identify which character of the 
instruction word is reading out of storage during an I-cycle, an I-ring counts the 
characters or cycles. The I-ring consists of 13 triggers labelled I-ring Op, and 
I-ring 1 through I-ring 12 . 

As the first I-cycle of I-phase is taken, the I-ring is set to I-ring Op-time to 
identify this character as the Op code. The I-ring then advances to I-ring 1-time 
to identify the next character that reads out as either a modifier, or a ten-thousands 
position of an address, or the channel-select character, depending on the Op code 
character that has already been read out and recognized. 

An example of I-phase is the data move instruction word which can consist of 
the Op code, followed by an A- and B-field address and a d-modifier character: 



v 
D 



AAAAA BBBBB d O AAAAA BBBBB d 



At I-ring Op time, the Op code reads out of the storage unit and is set into the 
Op register in the control unit. The Op register is decoded to identify the next 
five characters as the A- field address. 

I-rings 1 through 5 gate the characters into the proper positions of the A- 
address register that is located in the address unit. 

I-rings 6 through 10 gate the next five characters to the B-address register in 
the address unit. The character read out at I-ring 1 1-time is the d-modifier. It 
is stored in the Op-modifier (Op-Mod) register in the control unit. During I-ring 
12-time, the next character is read out to make sure that a word mark is located 
in the next position of storage. 

I- Phase 
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1. 3. OZ Execute Phase 

At the completion of I-phase, the machine is ready to perform the actual operation. 
This portion of the program step is called execute phase (E-phase). The length 
and complexity of E-phase depends on the type of Op code. E-phase can consist of 
A, B, C, D, E, or F-cycles, with storage either forward or reverse- scanned. The 
length of each cycle varies from 4. 5 to 7. 5 microseconds. At the completion of 
E-phase the machine normally returns to I-phase to initiate the next instruction. 

1.4.00 DATA FLOW 

In processing data with the IBM 1410, three major operations are necessary: 

1. Data must be fed into the IBM 1411 Central Processing Unit (CPU) from an 
input machine. 

2. The CPU processes the data as controlled by the stored program. 

3. When the processing is complete the result is fed to an output machine. 

The center of data flow in the 1411 CPU is the core-storage unit that receives 
data from the IBM 1405 Disk Storage Unit, the IBM 1415 Console, or the IBM 1414 
Input-Output (I/O) Synchronizer (Figure 1. 4-1). When processing is complete, 
the data can be sent to the 1405, 1415, or 1414. 

The 1414 I/O Synchronizer synchronizes and controls the various input-output 
units that are used in conjunction with the 1410 system. The 1414 includes the 
integrated synchronizer, print storage, and tape adapter units. 

The integrated synchronizer is an input-output control unit that contains up to 
eight 80-character magne tic - co re registers. These registers provide independent 
buffering for all associated I/O units. A data transfer between the CPU and the 
card read-punch or paper tape reader takes place through the integrated synchroni- 
zer. Processing time is saved because the CPU does not have to wait for a mechan- 
ical unit to pick up speed, etc. 

The print storage unit contains a 13Z-position core-storage unit that is an in- 
termediate storage device between the CPU and the IBM 1403 Printer. Included in 
the Print Storage is the circuitry necessary to control the carriage for forms 
handling. 

The tape adapter units provide a control system for the various tape units that 
may be used with the 1410 System. 

1. 4. 01 Central Processing Unit Data Flow 

Every operation in the CPU requires a storage cycle. At the beginning of every 
storage cycle a five-position address is set in the storage address register (STAR), 
where the output is decoded to select the desired position of core storage (Figure 
1.4-2). Depending on the size of storage, two or four characters are read out of 
core storage into the B-data registers. The ten-thousand position of STAR selects 
which register is to read out on the B channel. If the storage cycle is taken only to 
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Figure 1.4-1 Data Flow 
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read out a character, all four B-data registers are read back into storage (regen- 
erated). If the storage cycle is taken to write a new character into storage, the 
B-data registers that are not selected are gated back into storage, while the se- 
lected character is read in from the assembly channel. 

When the character is on the B-channel, it is available to most of the units 
throughout the machine. For example, when a character is read out during an I- 
cycle at I ring Op-time, it is gated from the B-channel to the Op register. At 
Op-modifier character time, the character is gated to the Op-mod register. 

During E-phase, if the character is a B-field character, it can be gated to 
the B-side of the compare matrix, of the adder, of the edit unit, or of the assem- 
bly unit. If the character is an A-field character, it is usually stored in the A- 
data register where it can be gated to the A- channel to be available to the A side 
of the compare matrix, of the adder, and of the assembly unit. The character is 
stored in the A-data register until the corresponding character of the B-field is 
available on the B-channel so that the two characters can be compared or added. 
The assembly area combines the desired portions of characters from the A-chan- 
nel, the B-channel, the adder, and/or special character generator, and gates the 
character that results to either the core-storage unit or an output machine. 

For example, when two characters are added together in the adder, only the 
digit portions of the characters are combined. Any zones or word marks that 
appear over the B-field character are read back into storage unaltered. The as- 
sembly unit combines the adder output with the B-channel zones and word mark, 
and gates the new B-field character back to storage. 

During I-phase every instruction word character that is read out of storage is 
gated from the B-channel to the A-data register, then to the A-channel. The as- 
sembly gates the A-channel zones, numerical bits, and the word mark onto the as- 
sembly channel. When the control unit identifies a character as an address, the 
assembly channel is gated to the address channel, where the character is set into 
the desired position of an address register. 

For input operations, characters are gated into the E- or F-data registers 
from the input machine. The character on the E- or F-channel is gated to core 
storage via the A-channel, and the assembly unit. For output operations, charac- 
ters that come from storage on the B-channel are gated through the assembly to 
set the E- or F-data registers. The E- or F-channel is gated to the output machine 
that is selected by the instruction word. 
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2.0.00 CENTRAL PROCESSING UNIT 



2. 1. 00 CORE STORAGE 

Magnetic ferrite cores are used as the high-speed storage medium because of 
their low access time. The core- storage unit has a basic cycle of 4. 5 micro- 
seconds. This cycle is divided into read and write time. Read time makes a 
character that is contained in the storage unit available to the CPU. Write time 
allows characters to be entered into storage from other units. All information in 
storage is in BCD form. It is checked for parity upon entering or leaving storage. 

2. 1. 01 Ferrite Cores 

Information storage is achieved by using the magnetic properties of the ferrite 
core. Each core can store a single bit of information, either a 1 or a 0. 

Physical Properties 

A ferrite core is a ceramic material with ferromagnetic properties. It is pre- 
pared from oxides of iron and other elements, particularly zinc, manganese and 
nickel. The materials are ground to a fine powder, carefully mixed together with 
a binder and then pressed into shape. After baking, the core is hard and brittle. 
It is in the form of a short, hollow cylinder that measures 50 mils outside diame- 
ter, 30 mils inside diameter, and 12 mils height. 

Magnetic Properties 

The ferromagnetic properties of the core permit it to be magnetized by applying an 
external magnetizing force. It can be magnetized in either of two direction, north- 
to- south, or south-to-north. After the core is magnetized in either direction, it 
remains magnetized until another force is applied that is enough to change the di- 
rection. The core is stable in either of these two directions and is called a bistable 
storage device. 

The magnetic force necessary to flip (change the direction of) a core is pro- 
vided by the magnetic field that surrounds a wire with current passing through it. 
This wire passes through the hole in the core. When the magnetic field is great 
enough in a direction opposite to that of the core, the core flips. If a core is set 
in one direction, and the current through the wire produces a field to set the core 
in the same direction, a very small change takes place in the core. If a core is 
set in one direction, and the current through the wire produces a field to set the 
core in the other direction, and the field is not large enough, the state of the core 
is not changed significantly. The amount of current necessary to flip a core is 
called full- select current. When a core flips, there is a rapid breakdown and buildup 
of the magnetic field around a core. This changing field induces a voltage in another 
wire in the core. This sets a latch and indicates that the core is set. This wire 
is called the sense winding. 

2. 1. 02 Core Plane 



To make use of a large number of cores, it is necessary to control which cores 
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are set or not set. Consider two parallel wires going through a core, each carry- 
ing half-select current in the same direction. The resulting magnetic force from 
each current is additive, and equals the effect of full-select current. Now, shift 
one wire 90 degrees. With the same half-select current flowing, the effect is still 
additive, and produces enough field to switch the core. The wires are called X 
and Y drive lines. Figure 2. 1-1 shows a core plane. To interrogate the white 
core in Figure 2. 1-1, impulse the appropriate X- and Y -drive lines with half- 
select current. Only the white core experiences the effects of both half currents. 
If the core contains a 1, it is switched, and a pulse is induced in the sense winding. 
This pulse is amplified and is used to set a latch. If the addressed core contains 
a zero, there is no pulse to set a latch. Note that the state of flux in the other 
cores along the two drive lines is not changed by the half-select current. There- 
fore, they induce no pulses in the sense winding. 

2. 1. 03 Core Array 

There are eight cores used to store one character in BCD form. Each core stands 
for one of the eight bits (1, 2, 4, 8, A, B, C, WM). 

The core array has 8 planes corresponding to the 8 bits. Each plane has a 
sense winding that goes through every core on that plane (Figure 2. 1-2). The 
number of cores on each plane determines the number of characters that can be 
stored. 

Read 

To read a character out of storage, the appropriate X- and Y-lines are each im- 
pulsed with half- select current (called read current) . Every core that is set at 
the intersection of these two lines is reset. The pulse is sensed on the corre- 
sponding sense winding where it is amplified and used to set a data register latch. 

Write 

To write into a position, the same X- and Y-drive lines (as in read) are used to 
select the proper location. However, to write, the current through the lines is 
in the opposite direction (called write current ). Because both of these are half- 
select currents, they would, unless modified, set all cores in a position. To con- 
trol which cores are set, another wire ( inhibit line) is passed through every core 
on a plane (Figure 2. 1-2). To prevent setting a core, half-select current is fed 
on the inhibit line in a direction opposite to the X- and Y-currents. This cancels 
out half the magnetic force created by the X- and Y-lines and only half-select cur- 
rent passes through a core. In setting a core, no current is applied to the inhibit 
winding. This permits full- select current to set the core. 

Physical Arrangement 

The physical arrangement of the cores and the X- and Y-, inhibit, and sense wind- 
ings of a plane are shown in Figure 2. 1-3. 

Each X- and Y-drive line goes only through the cores in one row or column. 
The inhibit winding goes through all cores in an electrical plane, and parallels the 
X-drive lines. The sense winding is threaded in parallel with the Y-drive lines, 
14 
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and goes through all cores in an electrical plane. Also the sense winding crosses 
over at the middle of the plane to cancel the effect of mutual coupling between the 
lines. In the 1411 core storage, there are actually two inhibit and two sense wind- 
ings per plane. Thus, for the inhibit and sense functions, the 100-by-100 array 
is actually two 50-by-100 core planes. 

The essential concern is the voltage that is induced in the sense winding as the 
result of the flux change in the addressed core that is set. The sense winding is 
crossed at the midpoint of the plane so the Y -drive pulse does not induce enough 
voltage to be interpreted as a 1, even though the core contains a 0. 

For simplicity, Figure 2. 1-4 shows the sense winding in electrical plane 1 
and the inhibit winding in electrical plane 2. The sense winding of electrical 
plane 2 is a mirror image of the sense winding in electrical plane 1. The inhibit 
winding in electrical plane 2 is a mirror image of the inhibit winding in electrical 
plane 1. 

2. 1. 04 Data Flow Components (Figure 2. 1-5) 

The data-flow components are: 

1. data-register latches 

2. inhibit drivers and sense amplifiers 

3. logical switching networks. 

Because the induced-voltage pulse on the sense line is of low amplitude, a 
sense amplifier amplifies the pulse to the logic circuit level. It is then used to 
set a data register latch. 

To select the induced pulse from the noise impulses on the sense winding, a 
short pulse (strobe) gates the sense amplifiers just as the ferrite core reads out. 

The data- register latch holds information that is to be again written into the 
cores. This rewriting of information back into the cores is called regeneration . 
The time that regeneration occurs is controlled by the inhibit gate and a control 
line called Storage Regen. This specifies that original information is to be written 
back into the cores. The data register latch causes the inhibit drivers either to 
suppress or to allow half-currents to flow in a direction opposing the write cur- 
rents. Because the write current is in a direction that is opposite to the read cur- 
rent, all cores of an address are set to 1 during the write cycle. The inhibit 
driver prevents the writing of a 1 by an opposing half current that is under the con- 
trol of every data-register bit-position that contains a 0. 

Storage Cycles 

A core- storage unit has two basic types of cycles. 

A read-out cycle occurs when information reads out of the ferrite cores and 
passes on to other units of the system. The information read-out is regenerated 
(written back into the same cores) during the write portion of the operation. 
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A read-in cycle occurs when new information from another unit of the system 
is to be written into the cores. 

The information that is already in the cores reads out to the data register the 
same as during the read cycle. The write portion of the cycle then writes the new 
information into the cores. Both read-out and read-in cycles are discussed in 
the sections entitled Read Out and Read In. 

Read Out 

To read out of core storage, these steps are necessary: 

1. Read the cores in order to set the information in the data latches. 

2. Write the information from the data latches back into the cores. 

Read. During the first half of any machine cycle (Figure 2. 1-5) that uses core 

storage, the same relative core in each plane is pulsed with X- and Y-current 
in the read direction. This sets all cores at a given address to 0. Any l's 
present are picked up on the sense lines, amplified by the sense amplifiers, 
and used to set the data latches. Cores that contain 0's do not activate any 
sense lines. The latches associated with these cores remain at 0. 

Write. During the last part of any storage cycle (Figure 2. 1-5) the same X- and 
Y -drive lines are always impulsed in the opposite, or write, direction. This 
current pulse is in the direction to place a 1 in the addressed cores. However, 
if the data-register latches are OFF (0), the inhibit gate pulses the inhibit 
winding during write time. Because this inhibit pulse is in the direction opposed 
to the write pulse in the X-winding, the addressed core is pulsed with half- 
select current that leaves it in the 0-state. 

Read-In 

To read new information into core storage, three steps are necessary: 

1. Read the cores in order to gate information that is already in the cores into 
the data register. 

2. Activate the inhibit drivers (Figure 2. 1-5) with the new information from some 
other unit of the system. 

3. Write the new information into the cores during the write cycle. 

Read. As with every storage cycle, an X- and Y -drive line is pulsed with read 
current. The sense amplifiers are strobed and the information in the cores 
is gated to the data latches. The read portion of the cycle thus sets all cores 
in the addressed location to 0, and also sends the information that was in the 
cores to the data register. 

The new information to be written into storage is gated into the inhibit 
driver by the storage load signal. 
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The rest of the storage read-in cycle is the same as the write cycle of a 
read- out operation. 

2. 1. 05 Matrix Switching 

To read out a position of storage, the proper X- and Y-lines must be addressed 
(selected). The device used to address these lines is called a matrix switch. Ma- 
trix switches are used to simplify X- and Y-addressing. The outputs of the matrix 
switch drive the X- and Y-lines that drive the ferrite cores. The matrix switch 
makes it possible to address any one of 100 X-drive lines (in a 10K core array) 
with 16 drive circuits plus one of 10 switch- selector gates. The determination of 
1 of 100 Y-drive lines proceeds in exactly the same way. Both reading X-Y drive 
currents and reversed writing X-Y drive currents are obtainable by the matrix 
switch. 

Physical Properties 

A matrix switch has ten special pulse transformers that are housed in rectangular- 
shaped, heat-dissipating plastic (Figure 2. 1-6). 

The core of each transformer is made up of 12 rings of powdered iron, stacked 
in two parallel 6-ring cylinders. Each transformer has 16 primary windings and 
one secondary winding. The 16 primary windings are interconnected, with end 
windings that are connected to matrix-switch drivers. Secondary windings are 
connected to the X- or Y-drive windings. 

Magnetic Properties 



The--eoTTr-rnat^Tial"TB'~s'^^ r ite cor es. TKeTTe 

is- ar-cextai»~a«*etmt-of -current- -nee e a s a ry ■ t o ope* ate -the switch, ~ and 'any less* cur- 
rent has little or no effect on the switch-. 

Matrix- Switch Operation 

Matrix- switch operation is made possible by the addition and cancellation of fluxes 
from eight primary winding currents. 

For simplicity, consider a matrix switch with two outputs and four inputs 
(Figure 2. 1-7). With both cores reset, if current passes in the same direction in 
lines 1 and 2, the flux from each line adds at core 1 to set the core. This causes 
an impulse to be induced in the output winding. As the currents pass through core 

2 in opposite directions, there is a cancellation of flux, thus no output. When lines 

3 and 4 are impulsed in that same direction, core 1 is reset. This induces an 
impulse into the output winding in the opposite direction. Again there is no output 
from core 2. In core 1, lines 1 and 2 are used for forward (read) output. Lines 

3 and 4 are used for a reverse (write) output. In considering core 2, lines 1 and 
3 are used for a read output; and lines 2 and 4, for a write output. 

Now consider a ten-position matrix switch. The matrix switch requires eight 
simultaneous currents for an output. There are 16 input lines as illustrated in 
Figure 2. 1-8. This shows the input lines required to obtain a read and write out- 
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put for a ten-position matrix switch. In core 1, for example, lines 1, 3, 6, 8, 11, 
12, 13 and 15 must be conducting in order to give a read (forward) output; lines 
2, 4, 5, 7, 9, 10, 14 and 16 must be conducting to give a write (reverse) output. 
Note: during a basic memory cycle, the read currents come during the first half 
of the memory cycle, and the write currents come in the latter half of the memory 
cycle. Also, by combinations of selected input lines, any one of the ten outputs 
can be selected. To use matrix switch selection fully, it is necessary to operate 
several matrix switches in parallel and to select the output of the desired matrix 
switch. Figure 2. 1-9 shows two 3-position matrix switches operating in parallel 
with switch selection. 

In Figure 2. 1-9, if matrix-switch drivers 1 and 2 are positive and matrix 
switch drivers 3 and 4 are negative, cores 1 and 4 are conditioned. Because 
switch selector gate 1 is negative, adding currents flow to matrix-switch drivers 
1 and 2 from switch-selector gate 1. Cores 2 and 3 have cancelling currents 
flowing. Cores 4, 5 and 6 have no current flowing to the positive matrix-switch 
drivers 1 and 2, because switch selector gate 2 is positive. No current flows 
from negative matrix-switch drivers 3 and 4 through cores 1, 2 and 3, because 
switch selector gate 1 is negative. Diodes 7 and 8 prevent reverse currents from 
flowing through cores 4, 5 and 6 from matrix- switch drivers 3 and 4 to gate 2. 
The result is that only core 1 has the necessary currents to produce a read output. 
A reverse (write) output is obtained if matrix-switch drivers 3 and 4 are made 
positive and matrix switch drivers 1 and 2 are made negative, and no change is 
made on the switch-selector gates. 

A truth table for read currents appears in Figure 2. 1-10. 

By reversing the plus and minus signs under the heading of Matrix-Switch 
Drivers Only (Figure 2. 1-10), the truth table for writing is obtained. 

The IBM 1410 uses ten 10-position matrix switches and ten switch- selector 
gates to select one of 100 X-drive lines. Ten matrix switches and ten switch- 
selector gates provide Y-line selection on a 20K or 40K machine. A 10K machine 
uses only five 10-position matrix switches with five switch- selector gates. 

2. 1. 06 Noise Problems 



Unwanted noise from many sources occurs throughout any core-storage unit. The 
larger the unit, the worse the noise problem becomes. 

There is an unavoidable amount of mutual coupling between parallel lines, even 
with careful spacing and shielding. The cores themselves provide another major 
source of noise. No core remains completely saturated and the half-select current 
tends to move the flux state slightly. The change of the flux state is either toward 
or away from saturation. 

Noise in the sense winding occurs when a core is on the impulsed drive line but 
is not at the intersection of two drive lines. If all the induced voltages from the 
half-selected cores were added together, the effect would be troublesome. 

One feature that reduces the half- select noise problem is the staggering of read 
pulses. By energizing one drive line (Y-drive line) in advance of the other (X- 
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drive line), the number of half-selected cores at a given time is reduced. This 
reduces noise. Later in the cycle, when the X-drive line energizes, and the 
sense-winding output is used, the noise from the half- selected cores on the 
earlier Y-drive line has subsided. This delayed read pulse reduces the noise 
problem. 

A second method of noise reduction results from physical arrangement of the 
windings of the core plane. Cores, drive windings, and sense windings are so 
arranged that one-half of the half-selected cores tend to cancel the noise induced 
by the other half of the half-selected cores of a plane. 

2. 1.07 1411 Core-Storage Unit 

The 1411 core storage unit reads in or reads out a single character during a 

4. 5-microsecond cycle. Reliability is insured by parity checking all information 

read into or out of the core-storage unit. 

2. 1. 08 Core-Storage Addressing 

The 40K core array requires 40, 000 valid five-position addresses from 0, 000 to 
39j 999. The address is read from the CPU into the storage address register 
(STAR). The STAR stores the address while its output is encoded in order to 
select the proper character to read out. 

Operation 

Figure 2. 1-11 shows the locations of the addresses in storage and the encoding 
that is necessary to select the X- and Y-lines. When the address is read into the 
STAR, the units and tens positions are encoded to drive and to gate the ten load- 
sharing matrix switches (LSMS) that select the X-line. The hundreds and thou- 
sands positions of STAR are encoded to drive and to gate the ten matrix switches 
that select the Y-line. The coincidence of these two lines causes four characters 
to be read out of cores into the four B-data registers. The ten-thousands position 
of STAR is fed to the character -selection circuits that determine the character 
to be addressed. The output of character selection is fed to Character Regen or 
Load where is combines with either Memory Regen (read operations) or Memory 
Lold (write operations) to control which characters are regenerated, read out of 
storage, or loaded into cores from the assembly area. If Memory Regen is up, 
all character regen lines are brought up to reread the characters into cores. Also 
a character-select line is brought up to gate the desired B-data register onto the 
B-channel. When Memory Load is up the character that is position-selected is 
loaded from the assembly area, while the other three characters are regenerated. 

10K Core Array 

Figure 2. 1-12 shows the locations of the addresses in a 10K storage unit and the 
encoding that is required to select the proper character. When the address is 
read into STAR, the units and tens position of STAR are encoded to drive and to 
gate the ten matrix switches which select the X-line. The hundreds and thousands 
positions of STAR select the Y-line. The coincidence of the X- and Y-lines causes 
two characters to be read out into the two B-data registers. The thousands posi- 
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Figure 2.1-12 10K Core Storage Addressing 



tion of STAR is fed to the character select where it combines with Load Memory 
or Memory Regen to gate the character into or out of storage. ~ " 

2. 1. 09 Memory Clock 

Every storage cycle, regardless of CPU operation, has a read and write time. 
On a read-out operation, the write time is used to regenerate the data into the 
cores. On a write operation, the cores are read out to clear the position where 
the new character is to be read in. 

The memory clock provides the read and write pulses that are required by the 
storage unit. 

Read 

The CPU initiates a storage cycle with a read call that, along with Start Memory 
Clock, resets the B-data registers, activates the X- and Y-power-gate controls, 
and initiates a .425 us delay (Figure 2. 1-13). 

The X- and Y-power-gate control lines combine with the output of the X- and 
Y-power gates encoder to drive the X- and Y-LSMS gates. After the . 425 jus delay, 
the Y Rd line gates the hundreds position of STAR to the Y -matrix- switch driver 
encoder that, along with the matrix-switch gates, drives the selected Y-line. 

Y Rd also activates a . 280 us delay that initiates the X Rd to gate the X-line- 
drive. 

The X Rd line impulses two more delays. One delay, of. 725 jus, initiates 
Strobe that controls the sense amplifiers. The other delay of 1. 100 jus, drops the 
x Rd and Y Rd lines to complete the read-out of cores. 

Strobe also initiates a . 350 jus delay to drop itself. Figure 2. 1-14 is a timing 
chart for a storage cycle. The delays include time lost through transistor delays. 
The dotted lines indicate the worst possible conditions. 

Write 

A write call from the CPU initiates the write portion of the storage cycle. When 
the memory clock receives a write call, it combines with Start Memory Clock to 
impulse a . 15 >xs delay. The . 15 M s delay initiates a Z-pulse that gates the inhibit 
drivers. The . 15 jis delay also brings up Y Wr. This again gates the hundreds 
position of STAR to the Y -matrix- switch encoder to control the selection of the 
proper Y-line. Y Wr also impulses a . 280us delay that initiates X Wr to select 
the proper X- line. 

All the conditions are now present either to regenerate or to write a new 
character into the cores. 

X Wr also impulses a 1. 2 us delay which drops the X- and Y -write lines. 
When Y-write drops, it turns off the Z-pulse. This in turn drops the X- and Y- 
power gate controls. 
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Length of Storage Cycles 

A storage cycle in which all characters are to be regenerated can be completed in 
4. 5 jus or six logic-gate pulses. In this case, the write portion of the storage 
cycle starts at logic-gate D with the write call from the CPU. 

On operations where a character is read out of storage to be combined with 
another character before it is read back into cores, the storage cycle is increased 
in length in order to allow the CPU time to construct the new character. In this 
case the write call is delayed to a later logic gate pulse. 

B-Data Register Set Check 

The B-data register set check insures that the correct core-storage operation 
occurs. The circuit makes certain that on every storage cycle the B-data register 
receives an impulse to reset it. 

Some of the failures this check recognizes are: 

1. Failure to start the storage clock. 

a. If the memory clock does not start, the last character that was read out of 
the B-data register again reads out. Without this check, the error would not 
be caught. It is caught because the memory clock must start to develop the 
reset pulse. 

2. Failure to receive X- or Y-line current or strobe pulse. 

a. If the B-data register is reset and no new data is read in, the B-channel 
validity -check circuit detects the error. 

The circuit for the check is on logic 18. 14. 06. Both triggers are reset OFF. 
One trigger changes status on the fifth logic gate pulse of every storage cycle. The 
other trigger changes status on every B-data register reset pulse. As long as 
both triggers remain in the same condition (ON or OFF), no error is indicated. If 
the one trigger fails to receive a B-data register reset pulse, the triggers become 
opposite in status. The outputs of the triggers then cause a B-data register reset 
error. This stops the machine and lights the B-data register set-check indicator. 

2. 1. 10 Character Gating 

On a 20K or 40K core- storage unit, the ten-thousands position of STAR is fed to 
character selection (35. 10. 01) where the bit configuration brings up either RO 
character 0, 1, 2, or 3. RO character 0, 1, 2, or 3 combines with load or regen- 
erate memory to select, or load that character (35. 10. 02). All characters are 
controlled to regenerate except a character that is to be loaded from the assembly 
area. 

On a 10K machine, the thousands position of STAR is fed to character selection 
where the bit configuration for characters through 4 brings up RO character 0, 
and 5 through 9 bring up RO character 1. 
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B-Character Select Check 

The addition of a B-character select check circuit increases the reliability of the 
core- storage unit. This circuit insures that one, and only one, character is 
either gated out to the B- channel or read in from the assembly unit. 

Operation 

On a 40K storage unit there are eight character-control lines: four character- 
select, and four character-load. These eight lines combine (35. 10. 03) to bring 
up one of the two character-select error-check lines. If more than one character- 
control line is up, both of these character-select error check-lines are brought 
up to indicate an error condition. If none of the character control lines are up, 
both of the character-select error-check lines are down. This is also recognized 
as an error condition. 

This operation check detects errors in programming that cause invalid ad- 
dresses. Examp les: 40, 000-and-above on a 40K core array; Z0, 000-and-above on 
a 20K core array. On a 10K core array, invalid addresses are detected by the 
address -bus validity check. 

2. 2. 00 ADDRESS UNIT 

The address unit is used to store and modify the five-position addresses that lo- 
cate the position of storage to be used. The address unit contains eight address 
registers. One of these, the storage address register (STAR) is used as the out- 
put of the address unit that is fed to the core-storage unit. The STAR is read into 
either from one of the seven other address registers (labeled A through F and I), 
or from the address generator (used for indexing). The address unit also contains 
an address modifier that is used to add one or subtract one from the address in 
STAR in order to obtain the address of the next position of storage. 

2. 2. 01 Address Registers 

An address register (AR) is a storage unit capable of reading in or out the five- 
digit addresses that are required to locate information in core storage. Charac- 
ters are stored in the address registers in the two-out-of-five code. 

The two-out-of-five code is a strictly numerical code. Numerical values are ex- 
pressed in combinations of two-out-of-the-five bits (0, 1, 2, 4, 8) that are used 
to make up the code. 

The following chart shows the numerical values and the corresponding two-out- 
of-five (2/5) code. S 
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Each position of the address register has five latches corresponding to the 

0. 1, 2, 4 and 8 bits used in the 2/5 code. The IBM 1410 utilizes seven address 
registers. 

The functions of these address registers are: 

1. Instruction address register (IAR). This is used to locate and scan the instruc- 
tion words. 

2. A-address register (AAR). This locates the data word to be used as the A-field 
of an instruction. 

3. B-address register (BAR). This locates the data word to be used as the B-field 
of an instruction. The A- and B-field addresses are read into the AAR and 
BAR respectively, when an instruction word is read out of storage. 

4. C-address register (CAR). This usually contains the same address as the 
AAR at the beginning of the execute phase (E-phase). 

5. D-address register (DAR). This usually contains the same address as the BAR 
at the beginning of the E-phase. The CAR and DAR are used in multiply, di- 
vide, recomplement, table search, and other operations. 

6. E-address register, F-address register. These two registers contain the 
storage locations for characters going to or coming from I/O machines during 
overlapped operations. Overlapping is an optional feature and is covered 
elsewhere in this manual. 
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Read-Out of Address Registers 

The circuits for all address registers are very similar. For explanation purposes 
the 8-bit latch in the hundreds position of the BAR is used (Figure 2. 2-1). 

When the CPU requires the next character of the B -field, the RO BAR gates 
the output of every latch in the BAR, to the AR bus. All positions of the BAR read 
out at the same time. Set STAR sets the storage address register with the bits 
received on the AR bus. This causes the addressed character to be read out of 
storage. 

Read into Address Register 

Before BAR is read into, the BAR reset line resets all the latches OFF. If the 
Addr Ch 8B line is up, the top leg of the AND circuits to all 8B latches is up. 
Set AR HP is up on the second leg of all hundred-position latches of all address 
registers. Set BAR is up to complete the coincidence necessary to set this latch. 

The other line in Figure 2. 2-1, STAR to IAR HP 8B, is only on the IAR latches 
and is used in instruction read-out. 

2. 2. 02 Address Modification 



Address modification is adding or subtracting one from the address in the STAR 
in order to develop the address of the next position of the word that is being read 
out of storage. 

At the beginning of a storage cycle, the address of a position in storage is set 
into the STAR. During the storage cycle, this address is gated from the STAR 
through the address -modify unit one position at a time, starting with the units 
position (Figure 1.4-2). From the address modifier, the characters are gated on 
the address channel to an address register. 

Operation (Figure 2. 2-2) 

Address modification must be completed during the shortest storage cycle (4. 5 
microseconds). This storage cycle consists of six parts, called logic gates A 
through F. Each logic gate has a first and second clock pulse. During storage 
cycles longer than 4. 5 microseconds, address modification is still completed 
from load gates A through F. 

Consider a cycle where the A-address register (AAR) is used to read out a 
data word. The address in the AAR is set into STAR (Figure 2. 2-3) on the second 
clock pulse of logic gate A. The AAR resets on the first clock pulse of logic gate 
B, while the units position of STAR is gated to the address modifier. 

The address modifier controls are set to Modify By Minus One by First Scan 
Control. There are four scan-control latches in the CPU. The first and third 
scan latches are ON when scanning storage from units to the high-order positions. 
The second scan latch is ON when scanning from high- to low-order positions. No 
scan latch is ON when the address of the character is not to be changed. 
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M odify by Minus One and the from STAR (Figure 2. 2-3) combine to bring up 
8-bit and 1-bit lines that are gated into the units position of the AAR on the second 
clock pulse of logic gate B. 

When the address modifier subtracts one from zero, it keeps the Mod by Minus 
One latch ON in order to borrow one from the next position. The 2 in the tens po- 
sition of STAR is gated to the address modifier at logic gate C, and it combines 
with modify-by-minus -one to send a 1 to the tens position of the AAR. 

The modifier controls are set to Modify by Zero. This passes the rest of the 
address through the modifier unaltered. 

2. 2. 03 Address Exit-Channel Validity Check 

The CPU utilizes two validity check (VC) circuits to validate the characters in the 
core-storage addresses. One VC circuit insures the validity of the characters 
when they are read in on the address channel. The other VC circuit checks the 
characters when they are gated from the address bus to the address exit channel. 

Operation 

Every valid character that is gated on the address exit channel falls into one of the 
two VC groups (Figure 2. 2-4). If the character is invalid because a bit was 
dropped neither of the VC groups are conditioned. If the character has an extra 
bit both VC groups are conditioned at the same time. The VC groups gate on the 
error trigger when they are either both down or up. If the trigger is ON at the end 
of the cycle (error sample time) Addr Exit Error is gated to stop the CPU with this 
error (master error). 

The input to the VC circuit must be a valid character on every storage cycle. 
When the exit channel is not being used, zeros are inserted on the channel to 
satisfy the circuit. 

The check test lines in Figure 2. 2-4 are controlled by three momentary switches 
on the console CE panel. These switches, labeled first, second, and third check 
test, are used to force error conditions to insure that the transistors in the check 
circuits are working properly. 

Check the circuits by pressing a check test switch and the start key. The CPU 
takes a cycle and should stop with every check -indicator light ON. 

The first check test conditions both VC groups to cause an error. The second 
check test blocks the zero inserted on the exit channel to cause both VC groups 
to be down. The third check test gates the error trigger ON. Every transistor in 
the check circuit must operate correctly or the error light will not come on. 

2. 2. 04 Address- Channel Validity Check 

The circuit for this VC is similar to the exit- channel circuit except that a new 
character is gated on the channel every logic gate instead of one character each 
cycle. An error must be stored until the end of the storage cycle. 
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Operation 

Each character falls into one of two VC groups. If both or neither group is up, an 
error must be detected. Because there is a new character on each logic gate, the 
circuit must allow time for the character to arrive on the channel and to be de- 
coded into one of the two groups before the VC group lines can be sampled. The 
circuit allows time by controlling a trigger with collector pullover. 

The AND circuit (Figure 2. 2-5) shares a common load resistor with the OFF 
side of the error trigger. Before the trigger can be set ON the transistor in the 
AND circuit must be cut off. Once the trigger is set ON, the OFF side goes minus 
to satisfy the NOR circuits and to keep the AND circuit transistor cut off. Regard- 
less of the validity of the remaining characters that are gated onto the address 
channel, the trigger remains ON, and at the end of the cycle Address Channel 
Error is gated to stop the CPU. 

On storage cycles longer than 4. 5 microseconds, a zero is inserted on the 
address channel to satisfy the VC circuit. The second check test blocks the zero 
to force both VC groups down in order to cause a VC error. 

2. 3. 00 CONTROL UNIT 

2. 3. 01 Cycle Control 

Storage cycles are identified by cycle latches that are labeled A- through F-, I-, 
or X- cycle. Type of cycle and operation determine the length of the cycle. The 
cycle latch is on from logic gate B to logic gate B. Cycle latches are used to con- 
trol different areas of the CPU. For example, the I-cycle latch identifies the 
character that is being read out of storage as part of an instruction word. I-cycle 
also gates the modified address into the IAR. 

Each cycle latch has a control latch that is usually set at the next-to-last logic 
gate of the previous cycle. For example, at the end of the I-cycle at I-ring Op- 
time the I- Cycle Ctrl latch is set to keep the I-cycle latch ON for the next storage 
cycle. 

The A-cycle latch usually identifies the character that is being read out of 
storage as an A-field character. The B-cycle usually identifies the character as 
a B-field character. E- and F-cycles are used for input-output operations. C-, 
D-, and X-cycles are used for special operations. 

There are four more control latches that assist in identifying characters as 
they are read out of storage. They are called units , body , extension, and MQ. 

For example, consider an add operation where the contents of the A-field are 
added, a digit at a time, units position first, to the contents of the B-field. The 
first cycle after I-phase is an A-cycle during which the units position of the A-field 
is set into the A-data register. The next cycle is a B-cycle during which the units 
position of the B-field is read out onto the B-channel. The units latch is set for 
the first A- and B-cycles to identify the characters as units -position characters 
because the signs of the fields are located there. 
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The MQ latch is used in multiplication and division to identify a character as a 
position of the multiplier or quotient. The MQ latch is also used in edit and zero 
suppress Op codes. 

2. 3. 02 Logic Clock 

The logic clock uses a crystal- controlled oscillator and a ten-trigger ring to 
develop the number of logic gate pulses required for each storage cycle. 

The oscillator drives a binary input trigger called the clock pulse trigger . 
The outputs of the clock pulse trigger are called first clock pulse and second clock 
P ulse - The clock is normally stopped with the stop latch that, by collector pull- 
over, holds the clock pulse trigger at first clock pulse. Logic gate A-trigger is 
also ON. When the stop latch is reset,the clock pulse trigger is advanced by the 
oscillator. At the end of second clock pulse (2 cp), the ring is advanced from 
logic gate A (LGA) to logic gate B (LGB). (See Figure 2. 3-1. ) Since the clock 
pulses are . 375 microseconds long, the ring advances every .75 microseconds. 

Type of cycle and of operation control the length of the cycle by conditioning 
the stop at F, G, H, J, or K-line. This line combines with the corresponding 
logic gate pulse to bring up Last Logic Gate . Last Logic Gate sets the logic gate 
F- latch that gates the ring back to LGA. To stop the clock at the end of a cycle, 
the stop latch is set on the 2 cp of the last logic gate (LLG). The stop latch com- 
bines with 1 cp to hold the clock pulse trigger at 1 cp, LGA. All I/O commands 
(except F or K) can be executed in either of two fashions: unoverlapped or over- 
lapped. An unoverlapped command causes the CPU to take E- or F-cycles, as 
they are required, to read out or to store each I/O character. Because the CPU 
can store or read out characters at a faster rate than any I/O machine, the CPU 
must wait between each E- or F- cycle. 

During E-phase of an unoverlapped I/O instruction, Disable Compute Cycle 
comes up to stop the clock by preventing (by collector pullover) the LGA trigger 
from coming on. The clock pulse trigger continues to advance. When an I/O 
cycle is needed.E- or F-Cycle Required blocks Disable Compute Cycle to allow the 
ring to advance through the cycle. Logic gate Z that gates LGA ON, is reset by 
LGA. As long as Disable Compute Cycle prevents LGA from setting, LGZ re- 
mains ON (Figure 2. 3-2). 
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When an I/O instruction overlaps, it allows the CPU to use the time between 
E- or F-cycles for compute cycles. 

Eight triggers are added to the clock circuits to form a logic gate extension 
ring. These triggers are called LGR through LGY. When an overlapped cycle 
is taken, the extension ring is used instead of the normal logic-clock ring. 

Logic gate Z gates ON both LGA and LGR. When E-Cycle Required or F- 
Cycle Required is up in overlapped operation, it conditions the Disable Compute 
Cycle to hold LGA OFF, while LGR is allowed to set (Figure 2. 3-3). When the 
I/O cycles are not needed, LGR is held OFF and LGA is allowed to set. 

2. 4. 00 OPERATIONAL UNIT 

2.4.01 A-Data Register 

The A-data register is a single-character storage register capable of storing 
any valid BCD coded character with or without word marks. 

Characters are read into the A-data register from storage via the B-channel, 
or from an address register via the AR Exit Channel (Figure 2. 4-1). The A-data 
register is gated out onto the A-channel to the adder, compare, and assembly 
units. The A-data register is reset (all OFF, except the C-bit to maintain proper 
parity) before it can be read in. 

A- Character-Set Check 

The A-register-set check insures that the A-data register receives a rese't im- 
pulse whenever it is read in. 

Two binary input triggers (18. 14. 07) must both be OFF or ON at the end of 
every cycle, or an error is indicated. One trigger is impulsed whenever Sw B Ch 
to A-reg or Sw AR Exit Ch to A-reg are up. The other trigger must receive the 
Reset A-Data Reg impulse before the end of the cycle or the error stops the ma- 
chine. 

2. 4. 02 B-Channel Validity Check 

Every character read out of storage is available on the B-channel. The B-channel 
validity- check (Figure 2. 4-2) circuit insures that each character has an odd num- 
ber of bits. The numerical bits are combined to bring up numerics odd or numerics 
even line. The zones, WM, and C-bits are combined to bring up odd of even. 
Numerics odd or numerics even combines with zones WM C-odd or WM C-even to 
bring up character-odd. An error is indicated if the character is either even or 
not odd. 

The errors detected by character -even are: 

1. Bit configuration even. 

2. Any bit with bit and not bit lines both up or both down. 

3. Any transistor failure in the check circuit which brings a character- 
even line up. 
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The errors detected by character-not-odd are: 

1. Any transistor failure that prevents the digits-odd or digits-even lines 
from coming up. 

2. Any transistor failure that prevents the zone, WM, C-bit-even, or C-bit-odd 
lines from coming up. 

Any of the last seven transistors (Figure 2. 4-2) could fail without being de- 
tected. These transistor failures are detected by three check tests. 

*• 1st Check Test blocks both numerics odd and numerics even . Without numerics 
odd or even neither character-odd nor character-even can come up. 

2 - 2nd Check Test conditions both numerics odd and numerics even . These com- 
bine with zones WM C-odd or WM C-even (depending on the character on the 
channel) to bring up both character-odd and character -even. 

3. The third check test conditions both zones WM C-odd and WM C-even to com- 
bine with numerics odd or numerics even to again bring up both character-odd 
and character -eve n. "~ 

2. 4. 03 A-Channel 



Information is gated to the A-channel from one of four registers: A-, E- or F-data 
registers, or Op Mod Register . The A-channel feeds data to the A- side of the ad- 
der, compare and assembly units. 

A-Character-Select Check 

The A-character-select check (18. 14. 01) insures that only one of the four regis- 
ters at a time is gated to the A-channel. 

A- Channel Validity Check 

The A-channel validity check circuit is similar in operation to the B-channel 
validity check. The logic circuits are different (Figure 2.4-3). 

2.4.04 Assembly 

The assembly unit receives data from five areas of the CPU and combines the 
data as determined by the operation. The five inputs to the assembly are the A- 
and B-channels, the adder, the special- character generator, and the zone adder 
used for 1401 compatibility. 

In the assembly, each character has three parts: the numerical part (1, 2, 4, 
and 8-bits), the zones (A and B-bits), and the word mark. To gate a character 
through the assembly requires three controls: numerical, zones, and word mark 
For example: assume an input operation where the data enters the CPU as an 80- 
character record. The storage locations into which the record is to be placed, 
contain word marks that define the fields of the record. The assembly is con- 
trolled to Use A Ch Num . Use A Ch Zones , and Use B Ch WM . When a word mark 
from storage is placed on the B-channel, the assembly unit combines it with the 
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input character on the A-channel. The A-channel character with a word mark is 
put on the assembly channel where it is read into storage. 

During an arithmetic operation, a character can be the combination of the 
adder ( Use Adder Nu ), the sign stored in the sign latches ( Use Sign Latches) , and 
a word mark from the B-channel. 

To maintain the proper parity of the new character, the assembly must generate 
a C-bit depending on the number of bits in the three parts of the new character. 
To assist in determining whether a C-bit is required, the numerical and zone por- 
tions, at the inputs to the assembly, contain other bits called the numerical C-bit 
and zone C-bit. These C-bits retain odd parity for their respective portions of 
the character. For example, the adder output generates a numerical C-bit along 
with the 1- and 8-bits for a nine. The numerical and zone C-bits for the A- and 
B-channels are developed in their respective validity- check circuits (Figures 
2. 4-2 and 2. 4-3). As assembly controls select the portions of characters to be 
gated through the assembly, they also select the numerical and zone C-bits that 
are to be combined with the WM-bit to develop an assembly -channel C-bit. 

Example: 



Adder 



B Ch WM 



Assm 



1, 2, 4, 8, Numerical C-Bit 

A-Ch A, B, Zone C-Bit 



T" 

out 



Zone C-Bit (Even Zones) 



1, 2, 4, 8, A, B, WM and Num C-Bit (Even Num) 

WM 



C-Bit 



Other assembly controls are: 



Use 


B Ch WM 


Use 


B Ch Zones 


Use 
Use 


B Ch Nu 
A Ch WM 


Use 


A Ch Zones 


Use 
Use 
Use 


A Ch Nu 
No WM 
No Zones 


Use 
Use 


No Nu 
Adder Nu 


Use 


Sign Latch 


Use 


A Ch Sign 


Use 


B Ch Sign 


Inve 


rt A Ch Sign 


Inve 


rt B Ch Sign 



These generate the sign in the standard form, 
that is, a BA-bit for minus and AB for plus. 
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+ And No Inversion 



+ Diode Or Inverts 




JZq) 4" + Nun, Even .-In* 



+ Num Odd 



+ ABit ~-r N 

+ BB " f P ^ 



+ Not B Bit - 




Not Zone C Bit 



(To Assm Ctrl) 
AChOnly<| Zone C Bit 
(To Assm Ctrl) 



j+^\±i_+A I |Jv«_ 



— -t-C-WMOdd 



"hcWMivm 



tk^ 



Not Num C Bit 



To Assm Ctrl 
(ACh Only) 



£ 



Num C Bit 



tyi 



To Assm Ctrl 
(ACh Only) 



Figure 2.4-3 A-Channel Validity Check 



7 



-TOdd 



^{T}-, !/ 



H^ N - + Odd (Valid) 
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r^K 



Adder OperaHon 

ZZI 



A Ch Plus or M 



^ AddorSubtO P cldT> ^ J±(_ 



\ Minus 

nus r — [ 



Add or Subf Op Cod* 



Plus f 



Li 



x 



ni Minus/ 



— \Add 



Plus / " — "" \ Minus Minus/ _. ., ... 

f B Ch Plus or Minus ) « • ( B Ch Plus or Minus 



True Add A 

— a 



3 * 




A Plus 



Compl Add A 

ZZ1 



Xlate A and B 
Ch Char to Qui-Bi 



— ( Fig 



ure 2.4-6 



J 



Combine the A and B 



BO + 2/ 



I 



___/ Carry Lat is On for J 
Bin with Carry Latch " V Units Pos of Compl Add J 



Is B-Shift BO + 2; or B1 + 3 



Xiate to Adder Out T BitJ 
I 



^ 



Xlate to Adder Out 1 Bit 
1 



Combine the A and B Qui 



No 



Qui Carry ? 



_c 



>=] 



Set Carry Latch 

1± 



(Carry Lat 
with Bit o 



Combines 
Next Pos 



MX QO = 2 4 8 Bits 
MX Q2 = 2 4 8 Bits 
MX Q4 = 2 4 8 Bits 
MX Q6 = 2 4 8 Bits 
MX Q3 = 2 4 8 Bits 



pS-LL ^s B-Shift BO + 1; or B2T^ — 1— . 

■I— 1 n I \Yes J 

^ Xlate to Adder Out 1 [— < Qui MX Q8 ^ — — j j 



MX QO = 2 4 8 
MXQ2 = 24 8 
MXQ4 = 24 8 
MXQ6 = 2 4 8 



I 



Set Carry Latch 



Xlate to Adder Out- 



fK 



I 



Is B-Shift B2 or B3 



Xlate to Adder 
Out 24 8C Bits 



AB-2 

>3_ 



Xlate to Adder 
Out 2 4 8 C Bits 



B 



Figure 2.4-4 Adder Operation 
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A Channel Not A B 



A Channel BB 



-0" 



A Channel A B 



B Channel Not AB 



B Channel BB 



-a- 



B Channel AB 



Add Op Code 



A Channel Minus 




A Channel Plus 



Subtract Op Code 



B Channel Minus 



Add Minus A 



Add Plus A 



B Channel Plus 



Subtract Minus A 



Subtract Plus A 



^y 




> 



Start True Add 




Start Compl Add 



Start Compl Add 



Start True Add 



Figure 2.4-5 True Complement Controls 



Card Code 


BCD 


True Add 


Complement Add 





8-2 


BO 


QO 


Bl 


Q8 


1 


1 


Bl 


QO 


BO 


Q8 


2 


2 


BO 


Q2 


Bl 


Q6 


3 


1.2 


Bl 


Q2 


BO 


Q6 


4 


4 


BO 


Q4 


Bl 


Q4 


5 


1.4 


Bl 


Q4 


BO 


Q4 


6 


2.4 


BO 


Q6 


Bl 


Q2 


7 


1.2.4 


Bl 


Q6 


BO 


Q2 


8 


8 


BO 


Q8 


Bl 


QO 


9 


1.8 


Bl 


Q8 


BO 


QO 



Figure 2.4-6 Qui-Binary Code 
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Set WM 

Use Assm Insert (This generates 8, 2, and numerical C-bits. ) 

Generate Num One (This generates 1 not-numerical C-bit. ) 

Generate A-bit (This generates A not-zone C-bit. ) 

Generate Dollar Sign 

Generate Asterisk \ These require no other assembly controls. 

Generate Group Mark WM 

Assembly Channel Validity Check 

This check circuit is the same as the A-channel validity- check circuit (Figure 
2.4-3). 

2. 4. 05 Adder 

The IBM 1411 Central Processing Unit uses a single-digit adder to perform all arith- 
metic operations. The adder receives digits from the A- and B-channels and 
combines them algebraically. The results of the addition are routed through the 
assembly area back to the storage unit. 

Operation (Figure 2.4-4) 

When two fields are added together, they are fed to the adder units position first, 
because that is the position that contains the sign of the field. 

The sign is indicated by the zone bits over the units position. The four possible 
combinations of these zones are: 

12 zone A- and B-bits positive sign 

11 zone B-bit only negative sign 

zone A-bit only positive sign 

No zones Neither A- nor B-bits positive sign 

When both the A- and B-channels contain the units -position characters, the 
signs of the fields are analyzed along with the type of operation in order to deter- 
mine whether a true or complement (T/C) add is required (Figure 2. 4-5). 

The digits from the A- and B-channels are translated from the BCD code 
to the qui-binary code in either true or complement form as determined by the 
T/C add controls (Figure 2.4-6). 

The adder matrix combines the binary portion of the digits along with a carry, 
if required. The quinary portions of the digits are also combined. The result is 
translated, along with the binary output, to the BCD code in the adder-output 
translator. 
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Example : 
A-field 



v 
0925 



B -field + 0178 
lf03 



I 

Carry 

A-field Q0 BO 

B- field QO Bfp 

M X QO Bl Shift 

BCD out C 8 42 1 



Carry 

Q8 Bl 

Ot p Bl 

Q8 B3 Shift 

C 8 421 





Carry 








Carry 


Q2 


BO 


Q4 


Bl 


Q6 


Bl 


Q8 


BO 



MXQ8 B 2 Shift MX Q2 Bl Shift 
C8421 C8421 



2. 4. 06 Compare 

The compare unit receives information from the A- and B-channels. The two 
characters are compared to determine whether the B-channel character is 
greater than ( > ), equal to ( = ), or smaller than ( < ) the A-channel character. 
Figure 2. 4-7 shows the characters and codes in the collating sequence from low 
to high character. The result of the compare sets either a high, low, or equal 
latch that can be tested by later program instruction. 

Operation 

The two characters are fed to both the compare and adder units. In the compare 
unit, the characters are translated into one of three groups: alphameric (AN), 
special character (SC), or non-numerical (NN) (Figure 2. 4-7). Also in the com- 
pare unit, the zones are compared. In the adder, the digits are combined to 
determine whether the B-channel digit is greater than, equal to, or smaller than 
the A-channel digit. 

The compare unit first analyzes the groups that the two characters fall into. 
For example, if one character is AN and the other is either NN or SC, the AN 
character is high regardless of the zones or digits involved. 

If the groups alone do not reveal the relationship of the two characters, the 
comparison of the zones is analyzed. 

If the relationship of the character is still unknown, the result of the adder com- 
parison must be considered. 

The adder compares the two digits by subtracting the A-channel digit from the 
B-channel digit. 

A carry or no-carry is developed when the quinary portions of the A- and B- 
channel characters are combined, except when the result is a quinary 8. If a 
carry is called for, it signals that the B-channel character is larger than the A- 
character. 
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Character 


Card Code 


c 


B 


BCD Co 

A 8 J 


de 
4 


2 


1 


NN 




No Punches 


X 


















12-3-8 




X 


X 


X 




X 


X 


SC 


a 


12-4-8 


X 


X 


X 


X 


X 






( 


12-5-8 




X 


X 


X 


X 




X 




< 


12-6-8 




X 


X 


X 


X 


X 






* (G/M) 


12-7-8 


X 


X 


X 


X 


X 


X 


X 


NN 


& 


12 


X 


X 


X 












S 


11-3-8 


X 


X 




X 




X 


X 




* 


11-4-8 




X 




X 


X 






SC 


) 


11-5-8 


X 


X 




X 


X 




X 






11-6-8 


X 


X 




X 


X 


X 






a. 


11-7-8 




X 




X 


X 


X 


X 


NN 


_ 


11 




X 














/ 


0-1 


X 




X 








X 






0-3-8 


X 




X 


X 




X 


X 




% 


0-4-8 






X 


X 


X 






SC 


(W/S) 


0-5-8 


X 




X 


X 


X 




X 




1 


0-6-8 


X 




X 


X 


X 


X 






>. 


0-7-8 






X 


X 


X 


X 


X 


NN 


<; 


2-8 






X 












# 


3-8 








X 




X 


x 




@ 


4-8 


X 






X 


X 






SC 




5-8 








X 


X 




X 




> 


6-8 








X 


X 


X 






S~ (T/M) 


7-8 


X 






X 


X 


X 


X 




? 


12-0 


X 


X 


X 


X 




X 






A 


12-1 




X 


X 








x 




B 


12-2 




X 


X 






X 






C 


12-3 


X 


X 


X 






X 


X 




D 


12-4 




X 


X 




X 








E 


12-5 


X 


X 


X 




X 




X 




F 


12-6 


X 


X 


X 




X 


X 






G 


12-7 




X 


X 




X 


X 


X 




H 


12-8 




X 


X 


X 










1 


12-9 


X 


X 


X 


X 






X 




r 


11-0 




X 




X 




X 






j 


11-1 


X 


X 










X 




K 


11-2 


X 


X 








X 




AN 


L 


11-3 




X 








X 


X 




M 


11-4 


X 


X 






X 








N 


11-5 




X 






X 




X 




O 


11-6 




X 






X 


X 






P 


11-7 


X 


X 






X 


X 


X 




Q 


11-8 


X 


X 




X 










R 


11-9 




X 




X 






X 




* (R/M) 


0-2-8 






X 


X 




X 






S 


0-2 


X 




X 






X 






T 


C-3 






X 






X 


X 




U 


0-4 


X 




X 




X 








V 


0-5 






X 




X 




X 




w 


0-6 






X 




X 


X 






X 


0-7 


X 




X 




X 


X 


X 




Y 


0-8 


X 




X 


X 








AN 


z 


0-9 






X 


X 






X 










X 






X 




X 






1 


1 














X 




2 


2 












X 






3 


3 


X 










X 


X 




4 


4 










X 








5 


5 


X 








X 




X 




6 


6 


X 








X 


X 






7 


7 










X 


X 


X 




8 


8 








X 










9 


9 


X 






X 






X 



Figure 2.4-7 Collating Sequence 
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Example: (B-character, 5. A-character, 3. ) 



B 


Q4 


Bl 


A 


Q6 


BO 
carry 


carry 


QO 


B2 



(9's complement) 

(1st cycle of CA forces a carry) 



.1, 

signifies B > A 

If no-carry is brought up, the B-channel character is smaller than the A- 
character. Example: (B-character, 3. A-character, 7. ) 



B = 
A = 



Q2 
Q2 



no-carry Q4 
signifies B < A 



Bl 
BO 
carry 



B2 



When the quinary result is a Q8, the combined binary portion of the character 
determines the result of the compare. Example: (B-character, 6. A-character, 6. ) 



B = 


Q6 


BO 


A = 


Q2 


Bl 
carry 




Q8 


B2 i 



Example: (B-character, 8. A-character, 9.) 



B 


= 


Q8 


BO 


A 


= 


QO 


BO 
carry 






Q8 


Bl t 



Example: (B-character, 5. A-character, 4.) 



B = 
A = 



Q4 
Q4 



Q8 



Bl 
Bl 
carry 



B3 signifies B > A 



Special characters 8-3 through 8-7 are added as a 3 through 7 respectively. 

To determine whether the compare unit operates correctly, select two charac- 
ters and follow them through the flow chart (Figure 2. 4-8). The translation of the 
A-field character into the three groups is the same as shown for the B-channel 
character. 
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f B CHANNEL CHAR. J 



o 

o 

3 



i-4, 8-2-1 OR \ NO 



B A3 il I BIT 
CONFIGURATION?, 



IS THE A \ YES 



'£S (AN)/ IS THE B 

CH AN? 



IS THE A CH 
AN? 



ES / IS THE B CH ZONE \ NO 

HIGHER THAN A CH?/ 



IS THE B CH 
A S BITS? 



o 



NO /IS THE B CH ZONE \ YES ( L 
LOWER THAN A CH? / 



(THE ACH CHAR IS COM- 
PLEMENT ADDED TO THE 
B CH CHAR ON A COM- 
PARE OPERATION. 



NO / IS THE RESULT Of THE \ YES 
QUINARY MIX A Q8? , 



(WHEN Q 8, THE BIN 
MIX MUST BE CON- 
SIDERED. 



YES/ WAS THERE A CARRY \nO/ L A YES / IS THE RESULT OF THE\ NO 
FROMTHEQINARY? / V ) \ BINARY MIX 



SC/ IS THE ACH 

SC OR NN? 



YES/ ARE THE ZONES THE \ NO 
.SAME ON EACH CH ? 



YES/ ISTHEBCH 

A B BITS? 



ES /ARE THE A AND B CI- \ 



zone; the same? 



NO / ARE THERE ANY B 
ZONE BITS? 



TX™ 



J 



A CHy 
ZONE BITS? / 



YES/ ISTHEBCH AN \ NO 
AB BIT? / 



BA / IS THE B CH AN \ AB 
\ AB OR BA BIT 



S THE A CH A \*^£l/\\ 

l-A ZONE BITS? /~\ J 



2. 5. 00 RESETS 
Start Reset 

The start-reset pulse resets the master controls to allow the operator to proceed 
through a program, if a master error stops the operation. Start reset is initiated 
by the start-key pulse. The start-key pulse is only available when the start key is 
pressed when in the run mode, I/E mode, or storage scan mode (after the address 
set routine). 

The various latches and triggers that are reset by the start reset are: 
ContrQl Status Logic 

Address check latch Off 18 14 n 

Error sample latch Off 18. 14 08 

Address ch error trigger Off 18. 14. 03 

Address exit error trigger Off 18. 14. 02 

Program Reset 
Pressing the program reset key causes the following operations to take place. 

1. The cycle control, scan control, and scan latches are reset. 

2. The I- and A-ring triggers are reset. 

3. The Op register, Op Mod Register, and the A-data register are reset to con- 
tain C-Bits. 

4. The branch to 00001 latch is set. 

5. The storage address register is reset. 

6. The set check circuits are reset. 

7. The 1401 control latches are reset. 

8. The arithmetic control latches are reset. 

9. The logic clocks are reset. 

10. Program reset causes a start reset. 

The program reset is developed as follows: 
Signal Control Logic 



Program Reset Prog Rst Key 12.65.04 

(Logic clock)stoppedatA 
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Following is a listing of the various latches and triggers that are reset by the 
program reset. 

Program Reset 1 (12.65.04) 

Control Status Lo^ 



X-cycle latch 
A-cycle Ctrl latch 
C -cycle Ctrl latch 
B-cycle Ctrl latch 
D-cycle Ctrl latch 
I-cycle Ctrl latch 
X-cycle Ctrl latch 
No -scan latch 
lst-scan latch 
2nd-scan latch 
Spl adv Ctrl latch 
I -ring Ctrl latch 
No -scan Ctrl latch 
lst-scan Ctrl latch 
2nd-scan Ctrl latch 
3rd-scan Ctrl latch 
I-ring triggers 
A-ring triggers 
Console WM input latch 

* Op reg C-bit latch 

* Op reg A, B, 8, 4, 2, 

and 1 bit latches 
Binary reg bit latches 
Memory addr reg latches 
Index tag latches 
A-data reg latches (A, B, 

8, 4, 2, 1 bits and WM) 
A-data reg C-bit latch 
Op mod C-bit latch 
Op mod A, B, 8,4, 2, 

and 1 bit latches 



Off 

Off 

Off 

Off 

Off 

On 

Off 

Off 

Off 

Off 

Off 

On 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

On 

Off 

Off 
Off 
Off 
Off 

On 
On 

Off 



12. 12.05 




12. 12.20 




12. 12.20 




12.21.21 




12. 12.21 




12. 12.23 




12. 12.23 




12. 30.01 




12.30.01 




12.30.02 




12. 13.01 




12. 13.01 




12. 30.03 




12.30.03 




12.30.04 




12.30.04 




11. 20.01- 


07 


14. 70. 01- 


■06 


lS. 60.09 




13. 10.01 




13. 10.01 




14. 18.01- 


-02 


14. 17.01- 


-15 


14. 50. 01- 


-02 


lS. 39.01 


-08 


15. 39. 07 




13. 12.01 




13. 12.01 


-03 



* The Op register is reset by gating the Set Op Reg Pulse. No character is gated to the B-channel because neither Memory 
Load nor Reoen is conditioned. Because no bits are on the B-channel, the Set Op Reg Pulse resets all of the Op reg,s- 
ter latches except the C-bit latch that is set ON by inverting the Not B-Ch C-Bit line. 
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Program Reset 2 (12. 65. 06) 



Control 


Status 


Logic 


I/O percent latch 


Off 


13.50.01 


I/O coml AT latch 


Off 


13.50.01 


I/O lozenge latch 


Off 


13.50.02 


1401 print error latch 


Off 


13.65.01 


1401 file validity-check latch 


Off 


13.65.02 


1401 wrong-length record latch 


Off 


13.65.02 


1402 file address compare latch 


Off 


13.65.02 


1401 end-of-reel latch 


Off 


13.65.03 


1401 tape error latch 


Off 


13.65.03 


1401 process check latch 


Off 


13.65.03 


1401 inquiry error latch 


Off 


13. 65. 08 


1401 punch trigger 


Off 


13.70.02 


1401 I/O end 


Off 


13.70.02 


1401 print trigger 


Off 


13.70.01 


1401 read trigger 


Off 


13.70.01 


1st I/O cycle control trigger 


Off 


13. 70. 03 


E-cycle latch 


Off 


12. 12.66 


F -cycle latch 


Off 


12. 12.67 



Program Reset 3 (12. 65. 05) 



Contro 1 


Status 


Loqic 


Logic gate triggers (A-U) 


Off 


11.10.11-23 


Console set start end latch 


Off 


12.15.03 


Process routine latch 


Off 


12. 15.03 


No-branch latch 


Off 


12.60.14 


Branch to A-AR latch 


Off 


12.60.14 


Branch to 00001 addr latch 


On 


12.60.14 


Set op reg trigger 


Off 


18. 14. 04 


Check op reg trigger 


Off 


18. 14. 04 


Reset mem data reg trigger 


Off 


18. 14. 06 


1st trigger check 


Off 


18. 14. 06 


Set A-data reg trigger 


Off 


18. 14. 07 


Reset A-data reg trigger 


Off 


18. 14. 07 
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Control 



Program Reset 4(12.65.05) 
Status 



Console reset-start condition latch Off 

Address set -routine latch Off 

Display routine latch Off 

Storage scan latch Off 

WM end alter latch Off 

Full-line end alter latch Off 

Console stop condition latch Off 

Console stop print latch Off 

Console clock trigger Off 

Console cycle matrix triggers Off 

Console cycle latch Off 
Cnd res console printer not busy latch On 

Console check strobe trigger Off 

Console printer strobe trigger Off 
Reset console printer not busy latch Off 

Solenoid driver strobe latch Off 

Console WM input reset latch Off 

Console char control latch Off 

Console output error latch Off 

WM period latch Off 

Console error control Off 

Console backspace control Off 

Console function control Off 

Console printer last column Off 

Matrix gate latch Off 



Control 



Program Reset 5 (1 2. 65. 06) 
Status 



True latch 
Complement latch 
Cany latch 
No -carry latch 
Units Ctrl latch 
Body Ctrl latch 
Extension Ctrl latch 
Mplr quot Ctrl latch 
Mult div latch 
Even-hundreds address latch 
Reset address mod latch 
Logic gate special A 
Logic gate triggers (V-Y) 



Off 
Off 
Off 
Off 
Off 
Off 
Off 
Off 
Off 
Off 
Off 
On 
Off 



Logic 

41. 10.01 
41. 10.02 
41. 10. 03 
41. 10. 03 
41. 20. 01 
41. 20. 01 
44. 10. 01 

44. 10. 02 

45. 10. 01 
45. 20. 01 
45. 50. 01 
45. 50. 01 
45. 50. 01 
45. 50. 02 
45. 50. 03 
45. 50. 03 
45. 50. 02 
45. 50. 10 
45.50. 11 
45.50.11 
45.50.12 
45.50.13 
45. 50. 14 
45. 50. 15 
45. 20. 06 



Logic 

16. 20. 14 
16. 20. 15 
16. 20. 21 
16. 20. 22 
16. 30. 02 
16. 30. 04 
16. 30. 06 
16. 30. 07 
16. 62. 01 
14.71.40 
14. 71. 40 
11.30.02 
11. 10.24-27 
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Computer Reset 

The computer reset key initiates the following operations: 

1. Program reset and start reset 

2. Resets all check circuits 

3. Resets all timing clocks 

4. Resets all machine indicators, overflow latches and compare triggers. 

5. Inquiry latches are not reset. 

6. The tape density latches are never reset. 

If the logic clock is not stopped at A when computer reset is pressed, the 
clock is stored and allowed to advance to logic gate A. After enough time to reset 
the clock has elapsed, the computer and program resets are initiated. 



Signal 

Pwr on + cpr reset 

Early computer reset (SS) 
Cpr Rst clock start (SS) 
Stop latch (off) 



Control 

Co Cpr Rst (Key) 

(or) 
CE Cpr Rst (Key) 

Pwr on + Cpr Resets 

Early computer reset 

Cpr Rst clock start 



The clock is stopped at A or R. 
Signal Control 

Stop latch (on) 



Early computer reset 
Logic gate A or R 



Logic 
12.65.01 

12.65.01 
12.65.01 
12. 15.04 

Logic 
12.15.04 



After the Cpr Rst Clock St single shot has timed out, computer and program 
resets are initiated. 



Signal 
Computer reset 

All power on . Cpr resets 

Program reset 



Control 

Pwr On + Cpr Resets 
Comp Rst Clock St (timed 
out) 

Pwr On + Cpr Resets 
Comp Rst Clock St (timed 
out) 

All power on . Cpr Resets 



Logic 
12.65.03 

12.65.03 

12.65.04 
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The control, status and logic location of computer reset are: 



Control 



Computer Reset 1 (12.65.03) 
Status 



Logic gate A -trigger Off 

Logic gate early B-latch Off 

Logic gate early F-latch Off 

B to last latch Off 

Stop latch On 

Fl reg not word sep On 

F2 reg not word sep latch On 

F ch clear latch On 

F ch tape call latch Off 
Select and R B C on latch Off 

F-ch R B C latch Off 

E-ch clear latch On 

E-ch tape -call latch Off 

File ring 7 latch Off 

E-ch out mode latch Off 

E-ch in mode latch Off 

E-ch move mode latch Off 

E-ch load mode latch Off 

F-ch move latch Off 

F-ch interlock Off 

Not zero bal latch On 

Zero bal latch Off 

No overflow latch On 

Overflow latch Off 

Not div overflow latch On 

Div overflow latch Off 
High latch Off 

Low latch On 

Equal latch Off 



Control 



Computer Reset 2(12. 65. 03) 



Status 



B-data reg reset trigger 


Off 


Y-rd trigger 


Off 


X-rd trigger 


Off 


Z -pulse trigger 


Off 


Y-WR trigger 


Off 


X-WR trigger 


Off 


X-FWR gt Ctrl trigger 


Off 


Y-PWR gt Ctrl trigger 


Off 


Y-sense strobe trigger 


Off 


Computer reset to tape E-ch 


On 


TAU reset 


On 


In process reset 


On 


E-ch comp reset to file 


On 


Computer reset to tape 


On 


F -chan 




F-ch comp reset to File 


On 


Computer reset to buffer 


On 



Logic 

11. 10. 10 
11. 30.01 

11. 30.01 
11.30.02 

12. 15.04 
13.64.02 
13.64.02 
13.66.06 
13.66.07 
13.72.03 
13.73.03 
13.63.03 
13.71.04 
13.74.02 
IS. 62. 01 
15. 62. 01 
15.62.02 

15. 62. 02 
15.63.02 
15.63.02 

16. 14. 11 
16. 14. 12 
16. 45. 02 
16. 45. 02 
16.45.01 

16. 45. 01 

17. 14. 01 
17. 14. 02 
17. 14. 03 



Logic 

39. 10. 01 
39. 10. 01 
39. 10. 01 
39. 10. 02 
39. 10. 02 
39. 10. 02 
39. 10. 03 
39. 10. 03 
39. 10. 03 
12.65.03 
60. 58. 31 
12.65.03 
12.65.03 
12.65.03 

12.65.03 
12.65.03 
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Power -On Reset 

The power-on reset is developed through the normally closed points of relay 7 
(Section 10. 0. 00). This causes a power-on reset whenever power sequence is up 
or down. Program reset, start reset, and computer reset are initiated. The 
clock is reset to A in the same manner as under Computer Reset. In addition, a 
system reset is initiated to reset the address registers and the inquiry- request 
control latch. The system reset is developed as follows: 

Signal Contro l Logic 

System reset Pwr Out Cpr Resets 12. 65. 02 

Pwr On Reset 
Comp Rst Clock Start 
(Timed out) 

The following latches are reset with the system reset: 
Control Status Logic 

41.30.01 
14.71.22 
14.71.21 
14.71. 20 
14.71.23 
14. 71. 24 
14.71.25 
14.71. 26 

2.6.00 INSTRUCTION READ-OUT 

Instruction read-out is an operation that reads an instruction word out of core 
storage and places it into the proper registers to control the execution of the Op 
code. 

Some of the items considered during instruction read-out are: 

1. The first character brought out of storage must have a word mark (WM) 
since this character should be an Op code. 

2. The Op code character must be a 1410 Op code or an instruction check stops 
the operation (1401 Op codes are covered later in the manual). 

3. If the Op code is an input- output Op code, the X-field characters must be 
gated to I/O registers. 

4. The Op code determines whether the A-field address is read into the A, B 
C and D-AR's; the A and C-AR's only; or the C-AR only. 

5. There must not be any zones over the units, thousands or ten-thousands 
positions of an address. 

6. Each instruction word must be the correct length. 
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Inquiry request control 


Off 


Reset CAR (all latches off) 


On 


Reset BAR (all latches off) 


On 


Reset AAR (all latches off) 


On 


Reset DAR (all latches off) 


On 


Reset IAR (all latches off) 


On 


Reset EAR (all latches off) 


On 


Reset FAR (all latches off) 


On 



If an instruction word is ended by a WM at other than an acceptable length, or 
if there is no WM immediately to the right of the instruction word, an instruction 
check stops the CPU. 

2.6.01 Operation (Figure 2. 6-1) 

The instruction read-out operation is initiated by setting the I- ring control and 
I- cycle control latches. The I-ring control latch sets the I-ring to I-ring Op 
time to identify the character (read out during the first I-cycle) as the Op code. 

I- cycle control and I-ring control are set ON by: 

1. Program Reset. When the stop latch is reset by the start key the operation 
starts. 

2. Cons Set Start Condition. This initiates the operation when the start key is 
pressed to start I/E or run mode following a manual operation, such as 
address set, display and alter. (The process routine latch OFF signifies that 
the last operation was a manual operation. The latch is ON during I/E or 
run mode operation. ) 

3. Last Execute Cycle. This initiates the operation at the completion of the 
previous instruction. 

During the first I-cycle, the address in the IAR is set into the STAR to read 
out the Op code of the instruction word. (When this operation is initiated immedi- 
ately after a program reset, the branch-to-00001-latch (reset ON) blocks the 
IAR from reading out, and generates the address 00001 that is set into the STAR. ) 
When the Op code character is gated onto the B-channel, it must have a WM to 
set the character into the Op register. The Op register is decoded to control the 
rest of instruction read-out. 

The decoding of the Op register brings up lines called Common Op Code 
Grouping lines. A Common Op Code Grouping line is a control line for more than 
one Op code. For example, the 2 Addr Plus Mod Op Codes line identifies the 
maximum length of the Op codes in that group and is used to control the instruction 
check circuit. 

The Common Op Code Grouping lines consist of three groups: (Figure 2. 6-2) 
instruction read-out, operational, and control. 

The instruction read-out group controls the remainder of the I-phase. 

The operational and control groups control the E-phase. 

If the Op decode is a No Op, the I-ring is not advanced and I-cycle control 
causes the storage to continue to read out characters until another Op code (WM) 
is detected. The B-channel WM over the next Op code sets the Op code into the 
Op register. The instruction read-out operation continues by advancing the I-ring 
to I-ring 1 time, and the next character is read out of storage. 
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Figure 2.6-IA Instruction Read-Out Operation 
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Figure 2.6-2 IBM 1410 Common Op-Code Grouping 
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If the Op decode is neither an N or G, one of three common Op- code grouping 
lines must come up. They are percent type, not-percent type, or two- character- 
only Op codes. 

Two -Character -Only Op Codes 

For both two -character -only Op codes, the character at I-Ring 1 Time must be 
the Op modifier, and it cannot have a word mark over it or an instruction check 
results. The Op modifier character is stored in the Op modifier register and 
the I-ring is advanced to I-Ring 2 Time where the next character is read out to 
insure that there is a word mark over it. 

Not Percent Type Op Codes 

All of these Op codes (except R and X) are the only Op codes that can be chained. 
Three more common Op-code grouping lines identify the maximum length of 
these Op codes. The lines are: One Address Plus Mod Op codes, 2 Addr No Mod 
Op codes, and 2 Addr Plus Mod Op codes. They insure that there are word marks 
at 17, 111, and 112 time. I-ring 1-5 Times identify the A-field address and 16-8 
identify the B-field address for Two Address Type Op codes. 

Percent-Type Op Codes 

All move and load Op codes and the unit control Op code fall into this group. Move 
and load Op codes also bring up 2 Addr Plus Mod Op code while the U-Op code 
conditions One Address Plus Mod Op codes . 

When the percent-type Op-code line comes up, it causes two quick advance 
pulses that advance the I-ring to 13 during the second I-cycle. 



I cy 


I cy 


I cy 


I cy 


I cy 


I cy 


I op 


11 


12 


I 3 


I 4 


I 5 


I 6 


I 7 



The character at 13 time is the I/O channel- select character. It is set into 
the I/O channel-select register. The character at 13 is the unit-select character, 
and it is set into either the E- or F-units select register depending on the I/O Ch 
Set Register . At 15 the character is set into the E- or F-unit number register. 
The character at 16 is set into the Op modifier register for the One Address Plus 
Mod Op codes, or it is set into the ten-thousands position of the B- and D-AR's 
for the 2 Addr Plus Mod Op codes. (When the command is overlapped, the B-field 
address is also set into the E- or F-AR depending on the channel-select register. ) 



I-Cycle 

The storage cycles during instruction read-out are 4. 5 microseconds long (stop 
at F). As each character is read out into the B-data register, it is regenerated. 

The STAR is set on 2nd CP of LGA. From LGB to LGF the address in STAR 
is modified by plus one (controlled by I-cycle control) and read back into the I-AR. 
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The character is available on the B-channel around LGD. The I-cycle latch 
gates the character to the A-data register and to the A-channel. I-cycle also con- 
trols the assembly to Use A-Ch WM, zones, and Num . 

On the last I-cycle of any instruction read-out operation, there must be a WM, 
if the instruction is of correct length. Because this character is usually the Op 
code of the next instruction, it must be read out again. As this character is read 
out, the address in STAR is being modified by plus-one to be read into the IAR. 
When the WM identifies the cycle as the last I-cycle (around LGD), the gate to set 
the IAR from the address channel is dropped, and the IAR is reset (1st CP, LGF). 
Set Mem AR to IAR is brought up at LGF to gate the address of the next Op code, 
still in STAR, to the IAR. 

In order to satisfy the address -channel validity check during I-phase, zeros 
must be inserted on the channel at LGA of I Op, Op Mod character, and last instruc- 
tion read-out cycle. All address characters and X-control-field characters are 
gated onto the address channel. The %, @ , and * characters (8-4 Bits) are 
translated to a four. 



2. 6. 02 Chainin 



§. 



There are two items that effect an Op code, when the Op code is chained. They 
are: 



1. 



Some two -address -type Op codes, when chained to use a single address, use 
this address as both the A and B-field addresses. These Op codes are called 
address double-type Op codes. Not-Address Double-Type Op code uses the 
contents remaining in the BAR at the completion of the previous E-phase for 
the B-field address. 



2. Some Op codes require the A and C, or B and D-address registers to contain 
the same address before E-phase can start. 

Address Double-Type Op Codes 

The A-field of an address double type Op code is read into the A, B, C, and D-ARs 
so that if a WM is read out at I Ring 6 Time the single address is used as both the 
A- and B-field addresses. 
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The A-field of not-address double-type Op codes is read into the A- and C- 
ARs only. 

Arithmetic Type Op Codes 

If an arithmetic type Op code is chained at I Ring 1 Time, the CPU takes a D-Cycle 
during which the address in the BAR is set into STAR, modified by zero, and read 
into the D-AR (the B- and D-AR's must contain the same address). Chaining mul- 
tiply, divide, and T Op codes at I Ring 1 Time initiates a C- cycle to update the 
C-AR. 

2. 6. 03 Op Register Set Check 

The Op register set check insures that the Op register receives a set impulse 
during I-Op time. The conditions that caus e Set Op Reg also bring up check Op 
register set (Figure 2. 6-3). Set Op Reg and Check Op Register Set impulse two 
triggers that must be both ON or both OFF at error sample time, or an Op register 
set error strops the CPU. 

2. 6. 04 Op-Modifier Register Check 

The Op-modifier register check insures that the Op modifier register receives a 
set impulse at Op-modifier character time for Op codes with modifiers. The con- 
ditions that cause Set Op Mod Reg also bring up Check Op Mod Set (Figure 2. 6-4). 
Set Op Mod Reg and Check Op Mod Set impulse two triggers that must be both ON 
or both OFF at error sample time or an Op Mod Reg Error stops the CPU. 

2. 6. 05 Instruction Check 

The instruction check circuit detects the following programming errors: 

1. Addressing an Op code without a word mark. 

2. Using an undefined Op code or a 1401 Op code when not in the 1401 mode. 

3. Using an instruction word that is not a proper length (proper lengths are 
shown in Figure 2. 6-5). 

4. Failure to have a word mark immediately to the right of the instruction word. 

5. A table search Op with 8, A, or B-bits in the d modifier. 

The circuit also detects these system failures: 

1. Failure to set a cycle-control latch for the next cycle. 

2. Failure to control the length of the storage cycle. 

Operation (Figure 2. 6-6) 

During every cycle, conditions must be met to set the cycle -control latch for the 
next cycle. If none of the cycle-control latches are set, the instruction check gate 
is conditioned, and at error sample time the CPU is stopped. During every I-cycle 
the WM bit on the B -channel is used to condition Last Insn RO cycle or the cycle- 
control latch for the next cycle. ( Last Insn RO cycle is usually used to condition 
the cycle-control latch for the first cycle of E-phase. ) 
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Figure 2.6-3 Op Register Set Check 
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OP CODE/INSTR FUNCTION 



A (A) (B) 
S (A) (B) 
? (A) (B) 
I (A) (B) 
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B (0 (B) d 
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E (A) (B) 
C (A) (B) 
T (A) (B) d 
G(Qd 
, (A) (B) 
(A) (B) 
/(0(B) 
.(0 
N 

M 60 (B) R/V/ 
L 00 (B) R/W 
U(X) d 
Kd 
Fd 



ACCEPTABLE LENGTHS 
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Branch if I/O Status Ind On (Ch 1) 


7 




Branch if I/O Status Ind On (Ch 2) 


7 




Branch if Char Equal 


1 6 


12 


Branch if Bit Equal 


1 6 


12 


Branch on WM and/or Zone 


1 6 


12 


Move Data 


1 6 


12 


Move Char and Suppr Zeros 


1 6 


11 


Move Char and Edit 


1 6 


11 


Compare 


1 6 


11 


Table Lookup 


1 6 


12 


Store Addr Reg 


7 




Set Word Mark 


1 6 


11 


Clear Word Mark 


1 6 


11 


Clear Storage and Branch 


1 6 


11 


Halt and Branch 


1 6 




No Op 




_ 


Read or Write without WM 




12 


Read or Write with WM 




12 


Control Unit 


7 




Stacker Sel and Feed 


2 




Control Carriage 


2 





Figure 2.6-5 Op Code Lengths 
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Set I Cycle Control (12.13.02) 



BCh WM 


1 Op 




Not 1401 Mode 








Set 1 Cy Ctrl No Op 








ARS No Op-I Cycle 








Op Mod Time -Not 1401 


B Ch Not WM 


11+2+3+4 


ICy 


Address Type Op Codes 




1 5 


CCy 




B Ch Not WM 


15+10 




Index Not Required 


B Ch Not WM 


16+7+8+9 


ICy 


Two Address Type Op Codes 




1 10 


D Cy 







Lost Insn RO Cy 


:le (12.13.05) 




11 CCy 


C Cycle Op Codes 




1 1 


D Cy 


Add Type Op Codes 


B Ch WM 


1 1 




No C or D Cycle Op Codes 


B ChWM 


1 2 




2 Char Only Op Codes 




1 6 


DCy 


Mult + Divide Op Codes 


BChWM 


16 




No D Cy at 16 Op Codes 


BChWM 


1 7 




1 Addr Plus Mod Op Codes 


BCh WM 


1 11 




2 Addr No Mod Op Codes 


BChWM 


1 12 




2 Addr Plus Mod Op Codes 



Op Mod Reg 8 Bit 



Op Mod Reg A Bit 



Op Mod Reg B Bit 



!y,»-7 /H,fl 6..A/JO P/> l 
) IV p $ t <:- £ i> 
Not I Cycle Ctrl 

Not X Cycle Ctrl 

Not A Cycle Ctrl 

Not B Cycle Ctrl 

Not C Cycle Ctrl 

Not D Cycle Ctrl 

Not E Ch Unovlp In Process 

Not F Ch Unovlp In Process 

Process Routine 



2ndCP 



Not Any Last Gate 



Logic Gate K + Y 




r 4 
r 

Error Sample 



Instruction Check Gate 



12.12.43 



Instruction Check 
18.14.11 



Figure 2.6-6 Instruction Check 
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For example, there must be a B-Ch WM at I-ring Op time to set the I-Cycle 
Ctrl latch for the next character. ~~ 

If the programmer uses an undefined Op code, the Op-register decode does 
not condition any common Op-code grouping lines, that are necessary to set the 
cycle-control latch for the I-cycle at I-ring 1 time. 

Since I/O commands can be overlapped the E- and F-cycle-control latches 
cannot be used in the check circuit. When the commands are overlapped the I 
cycle-control latch is set during last instruction RO cycle. When the command 
is unoverlapped Not E and Not F Ch Unovlop In Process (set by status sample A 
that is conditioned by a B-Ch WM) prevent an instruction check. The process 
routine line prevents an error during manual operations. 

Any transistor failure that prevents a cycle-control latch from setting is de- 
tected by this check circuit. 

The instruction check gate is also conditioned by the no-last-gate latch. This 
latch is set ON, if either logic-clock ring is advanced to last position without 
getting a last logic gate. Without the check circuit, the next clock pulse would 
advance the clock off the end of ring. 

2. 6. 06 Address Check 

The address-check circuit insures that there are no zones over the units, thou- 
sands, and ten-thousands positions of an address field in an instruction word. 

If the assembly channel contains an A- or B-bit at I-ring 1, 2, 5, 6, 7, or 
10 time of an I-cycle, the address latch is set ON and the CPU stops at error 
sample time (Figure 2. 6-7). The Not Op Mod Character Time prevents an ad- 
dress check on the modifier character read out at I-ring 1 or 6 time. 

The address-check circuit also insures that during a scan the address is not 
modified past the last or first position of storage (wrap-around condition). 

The wrap-around condition varies with the size of the storage. 

1. On a 1 OK machine the Mod By Plus One latch that is still ON at logic gate F 
(ten-thousands position being modified) indicates that the address is 9,999. 
The address-check latch is turned ON and the CPU is stopped at error sample 
time. 

2. Also on a 10K machine the Mod by Minus One latch that is still ON at logic 
gate F indicates that the address is 0, 000. 

3. On a 20K machine, a 0-bit and a 2-bit on the address channel at logic gate F in- 
dicate the address is modified from 19,999. 

4. On a 40K machine, a 0-bit and a 4-bit on the address channel at logic gate F in- 
dicate the address modified is 39, 999. 

5. On either the 20 or 40K machine, a 0-bit and a 8-bit on the address channel at 
logic gate F indicate the address modified was 00, 0000. 75 



Cleor Op Code 



B Cycle 



Mor 



1> 

, Op Codes y~ 





Mod By Plus 1 



10k< 



20k 



40k 



Mod By Minus 1 



AddrCh 0-2 Bits 



AddrCh 0-4 Bits 



20&40k 



AddrCh 1-8 Bits 



Wrap Around Cond 



Logic Gate F 



2nd Clock Pulse 




I Ring 1 +2+5+6+7+ 10 Time 



I Cycle 



Logic Gate F 



B Ch Not W M Bit 



Not Op Mod Char Time 
Assm Ch A or B Bits 



Error Sample 



S> 




Start Reset 



Latch 



> 



Address Check 



Figure 2.6-7 Address Check 



76 



A wrap-around condition during a move and load Op code and a clear Op code 
does not cause an error. 

The M and L Op codes are always stopped at the last position of storage. 
2.7.00 INDEXING 

Indexing, which is a standard feature in the IBM 1410, uses fifteen five-digit in- 
dexing fields in core storage. Any address of any instruction (except a G Op code) 
can be indexed. When an address is to be indexed, the contents of the specified 
index register adds algebraically to that address, immediately after the units po- 
sition reads out of storage (Figure 2. 6-1). Neither the contents of the index regis- 
ter nor the address originally stored in core storage as part of the instruction 
word is affected by the operation. 

For this operation, the address in the instruction is considered to be positive 
regardless of the sign indication it may have over the units position. When the 
index register has a positive sign, it causes its contents to add to the address in 
the instruction word. When the index register has a negative sign, it causes the 
contents to subtract from the address in the instruction word. This modification 
of the address must result in a valid core-storage address, or when an attempt is 
made to use this address, an error will result. 

2. 7. 01 Index Register Locations 

Seventy-five characters of core storage are assigned for use as index registers. 
The locations are: 



Index Register 


Loca 
From 


tions 




To 


1 


00025 


00029 


2 


30 


34 


3 


35 


39 


4 


40 


44 


5 


45 


49 


6 


50 


54 


7 


55 


59 


8 


60 


64 


9 


65 


69 


10 


70 


74 


11 


75 


79 


12 


80 


84 


13 


85 


89 


14 


90 


94 


15 


95 


99 



These locations in core storage can be addressed the same as other locations, 
and are available as general storage, if not required for indexing. Word marks 
can be located in this area for the convenience of other operations because they do 
not affect the result of indexing and are not destroyed. 
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2. 7. 02 Index Tags 

The zone bits over the tens and hundreds position of the address in the instruction 
are used as tags to specify whether the address is to be indexed, and if so which 
index register to use. 

The following table explains the significance of these tag bits. 

SIGNIFICANCE OF TAG BITS 



Hundreds 

Position 

B-Bit 



Hundreds 

Position 

A-Bit 



Tens 

Position 

B-Bit 



Tens 

Position 

A-Bit 



Index with 
Register 



X 
X 
X 
X 
X 
X 
X 
X 



X 
X 
X 
X 



X 
X 
X 
X 



2 


1 






X 


1 


X 




2 


X 


X 


3 
4 




X 


5 


X 




6 


X 


X 


7 
8 




X 


9 


X 




10 


X 


X 


11 
12 




X 


13 


X 




14 


X 


X 


15 



2.7.03 Operation (Figure 2.7-1) 

As the hundreds and tens positions of the addresses are read out during instruction 
read-out, the zones from the assembly area set the index-tag latches (Figure 
2. 6-1). There are A, B, and C-tag latches for each of the two positions of index 
tags, that correspond to the A, B or zone C-bits (the zone C-bit is generated in 
the A-channel validity- check circuit in order to make the number of zone-bits odd). 

If the index-tag latches indicate that there are no index tags, Index Not Re- 
quired allows instruction read-out to continue. 

When the index-tag latches indicate that there is a tag, an Index Required line: 

1. stops the I-ring from advancing, after the units position of the address is read 
into the address register (I-ring 5 or 10 time). 

2. causes the machine to take five X-cycles. 

During the five X-cycles, the five positions of the index register read out of 
storage onto the B-channel. The five digits add units position first, to the address 
78 



-J 



c 



Indexing 



-( Index Required? 



Set A Ring 1 Trigger 
14.70.10 



Go On to Next I Cycle 



Use Address Generator 

to Addr Ind Reg 

14.70.13 



/ A Ring 1 
~ \ Addr to S< 



5 Cause 
Scan Out IR 



Take an X Cycle 
14.70.10 



Adv A Ring 
14.70. II 



-( I i^ I 10 



ROCAR 
14.70.11 



RODAR 
14.71.33 



— S- ( A Ring 2 Time? > ^ " ^ A Ring 2 Tlm"eT~y ^L- 

No/- 

Q 



Addr Double 



Type? ) 



Reset A and DARs 
14.71.20. &23 



Reset BAR 
14.71.21 



Reset BAR 
14.71.21 



Gale- Pos of CAR 

Addr to AR Exit Ch 

14.17.01-15 



A2 Gates UP 
A3 Gates TP 
A4 Gates HP 
A5 Gates Th P 
A6 Gates T Th P 



Gate — Pos of DAR 

Addr to AR Exit Ch 

14.17.01-15 



Sw AR Exit Ch To A Reg 
15.38.01 



Gate A Data Reg To A Ch 
15.38.02 



> 



-^ B Ch Plus/Minus? \ 



Set True Add B Latch 
16.20.10 



Set Compl Add B Latch 
16.20.10 



Set True Add A Latch 
16.20.14 



Add A and B Channels 



Gate Assm Controls 
15.49.01 & 16.40.02 



Use Adder Num 
Use No WM 
Use No Zones 



Set Nu to Addr Ch 
14.71.61 



-( is/no y 



-( Addr Double Type? 



Gate AR Ch to BAR 
14.71.11 



Gate AR Ch To A & DARs 
14.71 .10 & 13 



Gate AR Ch to BAR 
14.71.11 



SET AR - Pos 
14.71.01-05 



No f ~ 



A Ring 6 



Time? y it s 



A2 Gates UP 
A3 Gates TP 
A4 Gates HP 
A5 Gates Th P 
A6 Gales T Th P 



15/1 10 



I 10 



Take a C Cycle 
12.12.42 



Take a D Cycle 
12.12.42 



Read Out AAR 
14.71.30 



ROBAR 
14.71.31 



Mod by Zero 
14.71.41 



Mod by Zero 
14.71.41 



Set CAR 
14.71.12 



Set DAR 
14.71.12 



Figure 2.7-1 Indexing 



Take an I Cycle 



in either the C or D-ARs, depending on which field is being indexed (15 index A- 
field, 110 index B-field). A six-position ring called the A-ring is used to identify 
the five positions of the address. 

The A-ring-1-time trigger is set at the end of the I-cycle at I-ring 5 or 10 
time, when indexing is required. 

A-ring 1 time and the index tag latches are combined to generate the address 
of the units position of the selected index register. At LGB of the first X-cycle, 
the A-ring advances to A-ring 2 time. 

At A-ring 2 time, the units position of the address bus is gated to the A-data 
register (the address bus contains the address in the C- or D-AR). From the 
A-data register the character is gated to the adder via the A-channel, where it is 
combined with the units position of the index register that is read out of storage 
onto the B-channel. (The sign over the units position of the I R determines whether 
the B-side of the adder is true- or complement-added. ) 

The result from the adder is gated through the assembly to the address channel 
where it is set into the A- or B-AR. If the Op code is an address-double-type Op 
code the indexed A-field address reads into the A, B and D-ARs in case there is 
no B-field address. 

A-ring 2 and the index tag latches are combined to generate the address of the 
tens position of the index register. The CPU takes another X-cycle and advances 
the ring to A3 time and the tens position is added and stored the same as the units 
position. 

When the A-ring is at A6, the last position is combined. At the end of the 
X-cycle the CPU takes a C or D-cycle, depending on the address being indexed 
in order to update the C or D-AR with the new indexed address. During this 
operation the I-ring is not advanced and at the completion of the C- or D-cycle 
the CPU goes back to taking I-cycles to complete instruction read-out. 

2. 8. 00 DATA HANDLING OP CODES 

The common Op-code grouping lines (Figure 2. 6-2) are also used to control E- 
phase. The operational group of lines is used by similar types of Op codes. The 
control group of lines is used by any type of Op codes that require the same con- 
trols. The function of these lines is shown in Figure 2. 8-1. 

2. 8. 01 Move Data Op Code (D) 

Op Code Function 

The D Op code causes data in storage to be moved from the A-field address to the 
B-field address. 

Op Modifier Function 

The 1, 2, and 4-bits of the Op modifier determine which portion of the A-field 
characters transfers. 
80 



Common Op Code Grouping Linea 

1st Scan First Op Codes 
A Cy First Op Codes 
Std A Cycle Op Codes 



B Cy First Op Codes 

A Reg to A Ch on B Cy Ops 

Op Mod to A Ch on B Cy Ops 

Load Mem on B Cy Op Codes 

Regen Mem on B Cy Op Codes 

Stop at F on B Cy Op Codes 

Stop at H on B Cycle Ops 

Stop at J on B Cy Op Codes 

RO B AR on Scan B Cy Ops 
Read Out A AR on A Cy Ops 



Funct i on 

Set 1st Scan Ctrl 

Set A Cycle Ctrl 

Set B Cycle Ctrl 

Stop at F 

Rgen Memory 

Use A Ch WM 

Use A Ch Zones 

Use A Ch Nu 

Rgen Unit Body Ctrl 

Rgen Ext Ctrl 

Rgen 1st Scan Ctrl 

Rgen 2nd 3rd Scan Ctrl 

Set B Cycle Ctrl 

Gate A Data Reg to A Ch 

Gate Op Mod Reg to A Ch 

Load Mem 

Rgen Mem 

Stop at F 

Stop at H 

Stop at J 

ROB AR 
RO A AR 





Logic 


12 


30 


05 


12 


12 


41 


12 


12 


44 


12 


12 


30 


12 


50 


02 


15 


49. 


02 


15 


49. 


03 


15. 


49. 


03 


16. 


30. 


01 


16. 


30. 


05 



Time 

Last Insn RO Cycle 

Last Insn RO Cycle 

A Cycle 

A Cycle 

A Cycle 

A Cycle 

A Cycle 

A Cycle 

A Cycle 

A Cycle 

A Cycle 12. 30. 05 

A Cycle 12. 30. 06 

Last Insn RO Cycle 12. 12. 44 

B Cycle 15. 3 8 . 02 

B Cycle is. 3 8 . 02 

B Cycle 12 . so. 01 

B Cycle 12. 50. 02 

B Cycle 12. 12. 30 

B Cycle 12. 12. 32 

B Cycle 12. 12. 32 

B Cycle Ctrl, 1st + 2nd + 3rd Scan Ctrl 14. 71. 31 
A Cycle Ctrl 14. 71. 30 



Figure 2.8-1 Common Op Code Grouping Lines 
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Op Mod Bit 


Use 


1 


A-Field - Num 


Not 1 


B-Field - Num 


2 


A-Field - Zones 


Not 2 


B-Field - Zones 


4 


A-Field WM 


Not 4 


B-Field WM 



The 8-bit determines the direction of the scan. 



8-Bit Transfer high to low order 

Not 8-Bit Transfer low to high order 



The A- and B-bits, along with the 8-bit, determine when the data transfer 
should be ended. 

Stop at 

1st WM - A-Field 

1st WM - B-Field 

1st WM A or B-Field 

1st WM - A or B-Field 

1st RM - A-Field 

1st GM, WM. A-Field 

1st RM or GM, WM - A-Field 

After one position 



Op 


i Mod Bits 












8, 


A, 


B 




8, 


A, 


B 




8, 


A, 


B 




8, 


A, 


B 




8, 


A, 


B 




8, 


A, 


B 




8, 


A, 


B 




8, 


■ A, 


B 



Op- code grouping lines: 



Instruction Read-out 



Not percent type 
No addr double 
Two addr plus mod 
Two addr 
Address type 
No C- or D-cycle 
No D-cycle at 16 



Operational 



No branch 



Control 



A-cycle first 

Standard A-cycle 

A-reg to A-ch on B-cycle 

Load mem on B-cycle 

Stop at J on B-cycle 

Read out BAR on scan B-cycle 

Read out AAR on A-cycle 
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Operation 

During the Last Insn RO cycle, the common Op- code grouping lines set up the con- 
trols to take a standard A-cycle first. During this A-cycle the AAR is used to 
read out the first position of the A-field. 

The 8-bit position of the Op modifier register must be analyzed to determine 
the direction of the scanning of the two fields. If there is no 8-bit in the Op modi- 
fier register during Last Insn RO cycle, the first Scan Ctrl latch is set (12. 30. 05). 
If there is an 8-bit, the 2nd Scan Ctrl latch is set (12. 30. 06). 

During the A-cycle, the first character is regenerated in storage, and also 
set into the A-data register (15. 38. 01). Standard A-cycle Ops combined with an 
A-cycle causes the next cycle to be a B-cycle. During this B-cycle the BAR is 
read out to address the first position of the B-field in storage. 

Also during this B-cycle, the 1, 2, and 4-bits of the Op modifier register con- 
trol the assembly (Figure 2. 8-2) in order to combine the portion or portions of 
the A-field character on the A-channel with the B-field character on the B-channel. 

At the end of the B-cycle the Op modifier register 8, A and B bits are analyzed 
to determine whether the transfer is completed (last execute cycle) or whether 
another A-cycle should be taken to transfer the next position of the A-field (Figure 
2.8-3). 

2. 8. 02 Move Character and Suppress Zero Op Code (Z) 
Op-Code Function 

The Z-Op code causes data in storage to move from the A-field to the B-field ad- 
dress. All zeros and commas to the left of the first significant digit are replaced 
by blanks, and the sign is removed from over the units position. 

Op-code grouping lines: 

Instruction Read-out 
Not percent type 
Not addr double 
Two addr no mod 
Two addr 
Address type 
No C- or D-cycle 
No D-cycle at 16 

Operational 
E or Z " 

No branch 

Control 
1st scan first 
A-cycle first 
Standard A-cycle 
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Op Mod 1 Bit 



Pate Move Op Code^ 



B Cycl. 



^-c 



Op Mod 1 Bit 



Op Mod 2 Bit 



B Cycle T^ 



Op Mod 1 Bit 



Op Mod 4 Bit 



BCycl 



"-C 



Op Mod 4" Bit 



Figure 2.8-2 Assembly Unit Controls 



OP MOD REGISTER 



Use A Ch Num 



Use B Ch Num 



Use A Ch Zones 



Use B Ch Zones 



Use A Ch WM 



Use B Ch WM 



AChWM 


A 


B 


AB 


8 


8A 


8B 


8AB 


Blank 




X 




X 


X 








X 




ACh RM 










X 




X 


X 




A Ch GM, WM 












X 


X 


X 




BCh WM 




X 


X 


X 








X 




Any Character 
















X 





X Indicates Data Move Take A Cycle down (12.12.40) 
Also- Data Move Last Execute Up (12.12.50) 

Figure 2.8-3 Data-Move Take A-Cyc le 
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A-reg to A-ch on B-cycle 

Load mem on B-cycle 

Stop at J on B-cycle 

Read out BAR on scan B-cycle 

Read out AAR on A-cycle 

Operation (Figure 2. 8-4) 

This Op code requires two scans. First Scan First sets the 1st Scan Ctrl latch 
at the end of the Last Insn RO cycle. During this forward scan the A-field charac- 
ters transfer to the B-field. 

The units latch, which is set ON during Last Insn RO cycle, identifies the first 
A-field character as the units position. The E-phase starts with an A-cycle first, 
using the AAR to read out the first A-field character that is stored in the A-data 
register. Because this is a standard A-cycle Op code, the units and 1st Scan latches 
are regenerated while the B- Cycle Ctrl latch is set. During this B-cycle, the nu- 
merical portion of the A-field character is gated through the assembly from the 
A-data register via the A-channel. The units latch, which is set ON during this 
first B-cycle, controls the assembly to Use No Zone (eliminates the A-field sign) 
and Write a WM. This WM is used to identify the end of the B-field on the reverse 
scan. The zero suppress latch is also set during this B-cycle although it is not 
used to suppress zeros until the second scan. 

At the end of the B-cycle, the A-Ch WM bit is analyzed to determine whether 
another A-cycle should be taken or whether the data transfer is complete and the 
second scan should be started. 

If there is not A-Ch WM the 1st Scan latch is regenerated and the body latch is 
set to control the assembly to Use A-Ch Nu, Zones, and No WMs for the next B- 
cycle. 

When there is an A-Ch WM, the 2nd Scan latch is set to control the address 
modifier to Modify by Plus One . During the last B-cycle of the first scan, the 
address in the BAR is modified by minus one. Since no other address register 
contains the address of the end of the B-field, the BAR must be used during the 
reverse scanning of the field. When the BAR is used to address storage during 
the first B-cycle of the second scan, the character that is addressed is the posi- 
tion to the left of the B-field. This character must be read back into storage. If 
there is a WM over the character, it must not be allowed to stop the second scan. 
This B-cycle is called an edit skid cycle. It is identified by setting the MQ latch. 
The edit skid cycle controls the full B- channel character through assembly and 
back to storage. 

The extension latch is set and another B-cycle is taken. During this B-cycle 
the high-order position of the B-field reads out onto the B-channel. When this 
B- channel character is zero, comma, or blank; the assembly is controlled to 
write a blank because the zero- suppress latch is still ON. When the B-channel 
character is a significant digit (digits 1-9), the zero-suppress latch is reset and 
all B-channel characters from that point on are gated back to storage. 
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f Z OP CODE J 



SET 1ST SCAN LATCH 
12.30.05 



SET UNITS LATCH 
16.30.02 



TAKE AN A CYCLE 
12.12.41 



RO A FIELD CHAR 
14.71.30 



TAKE A B CYCLE 
12.12.44 



RO B FIELD CHAR 
14.71.31 



UNITS/ IS THE UNITS OR \BODY 
BODY LAT ON? 



USE NO ZONES 
17.13.01 



USE A CH ZONES 
17.13.01 



WRITE A WM 
17.13.01 



USE NO WMS 
17.17.06 



SET 0SUPPR LATCH 
17.12.03 



STOREACHNU 
17.13.01 



NO 



IS THERE 

AN A CH WM? 

12.12.41+44 



YES 



REGEN 

1ST SCAN LATCH 

16.30.05 



SET BODY LATCH 
16.30.01 



Figure 2.8-4 Move Character and Suppress Zeros 



SET 2ND SCAN LATCH 
12.30.06 



SET M Q LATCH 

FOR A SKID CY 

16.30.07 



TAKE A B CYCLE 
12.12.44 



RO B FIELD CHAR 
14.71.31 



NO 



IS THIS A 
SKID CYCLE? 



YES 



NO / IS THE B CH CHAR \ YES 
ASIGDIGIT? 



YES / IS THE B CH CHAR \ NO 
(,)(0)(b) (-)(.) ? 



(b) U (1/ IS THE B CH CHAR \(.) (-) 
(,)(0)(b) OR (.)(-)?, 



YES 



IS THE SUPP 
IATCH ON? 



NO 



WRITE A BLANK 

WITHOUT WM 

17.13.05 



REGEN EXT LATCH 
16.30.06 



REGEN 

2ND SCAN LATCH 

12.30.06 



SET 

EXTENSION LATCH 

16.30.06 



STORE B CH CHAR 

USE B CH WM 

17.13.03 



TURN OFF 

SUPPR LATCH 

17.12.03 



SET SUPPR 

LATCH IF OFF 

17.12.03 



STORE B CH 

CHAR WITHOUT WM 

17.13.03 



END Z OP 

START INSN RO 

17.13.08 



V tS ' IS THERE A B CH WM? ^ N ° 
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When the B-channel character contains a WM, Last Execute Cycle is condi- 
tioned to end the Z-Op and initiate instruction read-out. 

There is one more item to consider for this Op code: multiple field transfer. 
For example: 

v 
A-field 0010b@00. 25 

During the second scan, the zeros are suppressed up to the 1, where the zero- 
suppress latch is turned off. The zero and blank are stored back into storage un- 
changed. When the @ is read out, it is recognized not as a significant digit and 
not as a zero, blank, comma, decimal or minus sign. This causes the zero- 
suppress latch to come back ON to suppress the high-order zeros of the next field. 

Result B-field 10 @ .25 

2. 8. 03 Compare Op Code (C) 

Op-Code Function 

The C-Op code causes the A-field to, compare with the B-field to determine whether 
the B-field is greater than, equal to, or smaller than the A-field. When the A- 
field is shorter than the B-field, the high latch is set ON to indicate that the B- 
field is greater than the A-field regardless of their values. 

Op- code grouping lines: 

Instruction Read- out 
Not percent type op codes 
Not addr double 
2 addr no mod 
Two addr 
Addr type 
No C- or D-cycle 
No D- cy at I ring 6 

Operational 
Compare type 
No branch 

Control 



1st scan first 

A-cycle first 

Standard A-cycle 

A-reg to A-ch on B-cycle 

Regen Mem on B-cycle 

Read out BAR on scan B-cycle 

Read out AAR on A-cycle 
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Operation (Figure 2. 8-5) 

During LaBt Insn RO cycle the units, 1st Scan, and A-Cycle Ctrl latches are set. 
The AAR is used to read out the first A-field character and to store it in the 
A-data register. During the B-cycle that follows the standard A-cycle, the first 
B-field character reads out onto the B-channel, while the A-data register is gated 
to the A-channel. The characters on the channels are compared in the compare 
and adder units (Figure 2. 8-6). 

The output of the compare matrix sets the high, low, or equal latches. The 
equal latch is set ON only for the units position of the fields, as defined by the 
units latch. The operation continues (A-cycle, B-cycle, A-cycle, etc. ) to com- 
pare the fields and to reset the low and high latches as required. 

When a B-channel WM reads out, the operation terminates, and the last latch 
that is set ON remains ON for the programmer to test later in his program. 

Example: 

B-field 6 2 15 

A-field 8 9 2 5 

B-channel 5 12 6 

A-channel 5 2 9 8 

Compare latch 

set E H H L L* 

The low latch remains set. 

B-field 2 15 

A-field 9 2 15 

B-channel 5 12 

A-channel 5 12 9 

Compare latch 

set EEELH* 

The high latch is set, because the B-field is longer than A. 

2. 8. 04 Edit (E) 

The E-Op code transfers data in storage from the A-field location to a control word 
in the B-field location where desired punctuation is inserted. Besides supplying 
the punctuation, the control field controls: 
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( C OPCODE J 



SET UNITS LATCH 
16.30.02 



SET 1ST SCAN LATCH 
12.30.05 



TAKE AN A CYCLE 
12.12.41 



RO A FIELD CHARACTER 
14.71.30 



TAKE A B CYCLE 
12.12.44 



RO B FIELD CHARACTER 
14.71.31 



COMPL ADD 

A CHAR TO B CHAR 

16.20.15 



SET HIGH LATCH 
17.14.01 



END EXEC CY 

START INSN RO 

17.18.01 



YE , / IS THERE AN A CH , . ir . 
-^{ WM 4 NO B CH WM? ^° 



17.18.01 



V 



YES/ IS THE \no 

\COMPARISON EQUAL? /^ — 



YES/ IS THE UNITS \NO 
LATCH ON? 



SET EQUAL LATCH 
17.14.03 



LOW / IS THE COMPARISON \m 
V HI OR LOW? n~ 



SET LOW LATCH 
17.14.02 



SET HIGH LATCH 
17.14.0] 



IS THERE A B CH WM? ViP_ 



TURN OFF UNITS 

SET BODY LATCH 

16.30.04 



Figure 2.8-5 Compare 
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O 



c 



B CHANNEL CHAR 



n 



/ IS THERE AN 8-4, \ 
YEStSq /g,;,] OR I A 8 4 2 1 Bl A NO 
\ CONFIGURATION? / 
\ 17.15.02 / 



N °/ ISTHEACHAN? V^ L 



IS THEACH 

SC OR NN? 

17.15.03 




0- 



YES ' AN) / IS THE BCH AN? \^°<yM_ 



> 



IS THE A CH 

NN OR SC? 

17.15.03 







IS EITHER CH 

WITHOUT ZONES? 

17.15.06 




YES/ IS THE A CHAN? \NO 



17.15.03 





/ARE THE ZONES THE\ 
' SAME ON EACH CH? V 



o 



NO/ IS THE BCH ZONE ^^ 
HIGHER THAN A CH? 








IS THE B CH ZONEN 
HIGHER OR LOWER 

THAN ACH? 

17. 15.06 & 07 / 



^HIGH_0 



NO/ IS THE BCH ZONE \ 

' LOWER THAN ACH? Y^ 1 — 







(THE A CH CHAR IS 
COMPLEMENT ADDED 
TO THE B CH CHAR 
ON A COMPARE 
OPERATION. 



IS THE RESULT OF ^ % 
QUINARY MIX A Q8? 



WHEN Q8, THE 
BIN MIX MUST 
BE CONSIDERED. 




/WAS THERE A CARRY , 
H ) ( FROM THE QUINARY? x " 







YES/ 'S ™ RESULT OF y NQ 
'THE BINARY MIX A Bl? x 




IS BINARY MIX 

B2 OR B3 ? 

17.15.05 








IS THE A CH 

SC OR NN? 

17.15.03 





YES/ 'S EITHER CH 

' WITHOUT ZONES? x 



ARE THE ZONES THE \ 
7 SAME ON EACHCH? x 



IS THE B CH ZONE\ 
LOW/ HIGHER OR LOWER \ HIGH 
THAN ACH? / 
17. 15.06 & 07 / 



. ARE THE A AND B CH\ NQ 
' ZONES THE SAME ? 




0- 



/ are! 







/IS THE B CH ZONE 
Low / HIGHER OR LOWER 
V THAN A CH 

\ 17.15.06 107 



ARE THERE ANY ., 
' BCH ZONE BITS? X J 



....-THERE ANY ^ 
A CH ZONE BITS? 



JINt \ 

WER \HIGH / ~\ 



1. the blanking of zeros to the left of the first significant digit (Zero Suppress). 

2. the insertion of asterisks in positions to the left of the first significant digit 
( Asterisk Fill) . 

3. the suppression of the decimal and of positions to the right when there are no 
significant digits ( Decimal Control) . 

4. the placing of a dollar sign immediately to the left of the first significant digit 
( Floating Dollar) . 

The edit operation can require from one to three scans depending on the opera- 
tion. Zero Suppression and Asterisk Fill require two scans. Decimal Control and 
Floating Dollar require three. 

During the first scan, the characters in the control word determine: 

1. where the characters from the A-field are placed. 

2. whether Zero Suppress or Asterisk Fill is desired. 

3. whether a floating dollar sign is desired. 

4. whether to use a credit or a minus sign (depends on the sign of the A-field). 

The operation starts by reading the units position of the A-field into the A-data 
register. The sign over the units position sets either the plus or minus latch. The 
first B-field character is read out and analyzed to determine what to do next. If 
the B-field character is anything other than a blank (b), zero (0), ampersand (&)> 
C, R, or minus sign (-), the character is put right back into storage. The C, R, 
or minus sign is also stored.if the minus latch is ON; if the minus latch is OFF, a 
blank is stored. The ampersand means the space that also causes a blank to be 
stored. Any of these conditions cause another B-field character to be read out and 
analyzed. 

Many B-field characters can be read out before a or blank. The or blank 
causes the A-field character to be stored. The units position of the A-field is 
stored without zones (sign). All of the control word up to the first zero or blank 
is called the status portion of the control word. A list of the special meanings of 
some characters in the status portion of the control word follows. 

Status Portion of Control Word 



Character Function 

b (blank) Replaced with the character from the A-field. 

(zero) Replaced with the character from the A-field. 

Also indicates zero suppression. The right- 
most zero in the control word indicates the 
rightmost limit of zero suppression. 
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C or R (credit) 



(minus) 



&t (ampersand) 



If the sign of the A-field is plus, these two 
characters are replaced by blanks. When 
the sign is minus, they are stored back in 
place. 

Same as CR. 

Causes a blank space. 



The portion of the control word from the first blank or zero to the position 
where the last A-field character is stored is called the body of the control word. 
In the body, certain characters take on different meanings as follows: 



Body of Control Word 



Character 
C or R (credit) 
- (minus) 
* (asterisk) 



& (dollar) 



b, 0, and & 



Function 

Stored back in regardless of sign. 

Same as CR. 

Replaced by an A-field character. If a zero 
preceded this *, an Asterisk Fill is called 
for. 

Replaced by an A-field character. If a zero 
preceded the $, a Floating Dollar is called 
for. 

The same as in the status portion. 



The remainder of the control word is again considered the status portion. The 
functions of the characters in this status portion of the word are the same as in 
the first status portion except for the zero and blank that are stored back in, be- 
cause there are no more A-field characters. 



Example: 

A-field 



000109 



Status | Body [Status 

Control word (B-field) $bb, bbO. bb&CR&** 



Result of edit 



$ 



1.09 



C R * * 
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/ 






r STORE A CH \ 
char without wm \__ 
unless 1st char / 
ins-field/ 



STORE A CH 

NUM NO ZONES 

17.13.01 



/THE SIGN OF ..... , 
/CHAR IS STORED WHILE 
I STILL ON THE B CH 

\ TO SAVE TIME 




\ W W/ IS THE B CH \(AJ 

' \CHAR (0) (b) OR (S)? 



/ IS THE i CH CHAR (-)\h 
\(C)tR)OHW Wffl?/ 



HUS/ IS THE PLUS OR 

MINUS LATCH ON? 



\^50 



m/ IS THE I CH CHAI \ffljMM 
\ 101 W fl ID Q« W / 1 



GK 



HJ/ ISTHI1CHCHAR \ {Q) (b) /Q\ 

(9 WORM (ft? /\&) 



IS THE 
SUPPR LATCH ON? 



®K 



IS THE * FILL 
OR FL J UT ON? 



IS THE B CH 

CHAR (*) OR{©? 



SET FLOAT i LATCH 
17.12.05 



¥ 



SET • FILL LATCH 
17.12.05 



¥ 



Figure 2.8-7 Edit 1st Scan 
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Common Op-code grouping lines are: 

Instruction Read-out 



Not percent type 

Not addr dbl op codes 

2 addr no mod op codes 

Two address 

Addr type op codes 

No C or D-cycle op codes 

No D-cy at I-ring 6 

Operational 
E or Z Op code 
No branch 

Control 
1st scan first op codes 
A-cy first op codes 
Std A-cycle op codes 
A-reg to A-ch on B-cy ops 
Load mem, on B-cy op codes 
Stop at J on B-cy op codes 
Read out BAR on scan B-cy ops 
Read out AAR on A-cy ops 

Operation 

The edit operation is started during Last Insn RO Cycle by setting the A-cycle, 
1st scan, and Units Ctrl latches (Figure 2. 8-7). The AAR is used to read out the 
A-field units -position character that is stored in the A-data register; and while 
still on the B-channel, it is analyzed to set the plus or minus latch. Because it is 
a Standard A- Cycle Ops , the 1st scan and units latches are regenerated and a B- 
cycle is initiated. The units latch signifies the status portion of the control word. 

During this B-cycle the B-field character on the B-channel is analyzed to con- 
trol the assembly unit to Store B-Ch Char , Write a Blank , or Store A-Ch Nu (No 
Zones). When the control-word character in the status portion controls the as- 
sembly to Store B-Ch Char or Write a Blank, the units latch is regenerated and 
another B-cycle is taken to read out the next position of the control word. When 
the character controls the assembly to Use A-Ch Nu , an A-cycle is initiated, and 
the body latch is set to identify the body of the control word. 

Note on Figure 2. 8-7, that the asterisk-fill or float-dollar-sign latches can 
only be set in the body and only if the zero-suppress latch is on. The zero-sup- 
press latch is necessary to initiate the second scan. An A-channel WM causes 
the extension latch to come on after the last A-field character is stored. The rest 
of the control word is scanned until the B-Ch WM is found. This ends the first 
scan and the operation, if the zero-suppress latch is OFF. The zero-suppress 
latch ON starts the second scan (Figure 2. 8-8) with a skid cycle, the same as in 
move zero suppress Op code, because the BAR address was modified to the ad- 
dress of the first character of the next field. The skid-cycle character is put back 
into storage, and another B-cycle is taken. If the B-channel character is a zero, 
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CD 

C 
-1 

m 
so 

CD 

oo 



to 

o 
a 






SET 

EXTENSION LATCH 

16.30.06 



STORE B CH CHAR 
17.13.03 



REGEN 

2ND SCAN LATCH 

12.30.06 



YES 



SET 

2ND SCAN LATCH' 

12.30.04 



STORE B CH 

CHAR WITHOUT WM 

17.13.03 



SET M Q LATCH 

FOR SKID CYCLE 

16.30.07 



n. 



TAKE A B CYCLE 
12.12.44 



RO B FIELD 

CHARACTER 

14.71.31 



IS THIS A 
SKID CYCLE? 



NO 



WRITE A BLANK 

WITHOUT WM 

17.13.05 



WRITE AN * 

WITHOUT WM 

17.13.05 



NO/ \ YES 

IS THERE A B CH WM? X 



REGEN EXT LATCH 
16.30.06 



NO / IS THE FL $ OR DEC \ YES 
CTRL LATCH ON? 



REGEN 

2ND SCAN LATCH 

12.30.06 



END EDIT 

START INSN RO 

17.13.09 



YES / IS THE B CH \_ NO 

CHAR A SIG DIGIT? 



TURN0 

SUPPR LATCH OFF 

17.12.03 



NO / IS THE B CH CHAR \ YES 
(,) (b)(0) (-)(.)? 



YES 7 DEC CONTROL ON? ^ NO 



SET SUPPR 

LATCH IF OFF 

17.12.03 



(-) 



IS THE B CH 
CHAR(-) OR(.)? 



6 



SET DECIMAL 

CONTROL LATCH 

17.12.04 



NO (DEC), 



(-)(■)/ IS THE BCH CHAR \ (b) (,) (0) 
<b)(,)(0) OR (-)(.)? 



(•) 



IS FL $ LATCH ON? 



NO / IS THE 

SUPPR LATCH ON? 



YES 



IS THE B CH 
A SIGN DIGIT? 



YCS / IS THE 

SUPPR LATCH ON? 



NO 



IS THE DEC 
CTRL LATCH ON? 



YES 



YES 



NO 



NO 



YES 






| NO / IS THE * FILL \ YES 
\ LATCH ON? / 



blank, or comma, and if the zero suppress latch is on, a blank or asterisk (de- 
pending on the asterisk-fill latch) is stored. A decimal sets the decimal-control 
latch that prevents the blanking of any more zeros until the word mark that was 
written when the was read on the first scan reads out. If any significant digits 
are read out after the decimal is read out, the zero-suppress latch is turned off, 
and the result is the decimal followed by the digits. For example, a one-cent 
field ends up . 01 instead of . 1 because of decimal control. If there are no signifi- 
cant digits when the WM reads out, a 3rd scan is taken to blank out the zeros and 
decimal. The operation ends when the decimal is blanked. 

There is another condition on zero suppress or asterisk fill. A character 
other than a significant digit or punctuation mark sets the zero- suppress latch back 
on. This allows zero suppression of multiple fields. 

For example: 00100CARS$0Z0, 000. 00 

Edit Results 100CARS$ 20,000.00 

The float-dollar latch also causes a 3rd scan (Figure 2. 8-9). 

Another skid cycle is taken, and the character is stored back into storage. 
On decimal control, the zero- suppress latch has to be on. The zeros are blanked 
or replaced by asterisks until the decimal is read out and blanked. 

On float decimal, the characters are read out and stored back in, until a blank 
is sensed. The blank is replaced by a dollar sign, and the operation ends. 

2. 9. 00 ARITHMETIC OP CODES 

2.9.01 Add or Subtract (A or S) 

Op- Code Function 

The A-Op code causes the numerical data in the A-field to add algebraically to the 
numerical data in the B-field. The S-Op code causes the numerical data in the 
A-field to subtract algebraically from the numerical data in the B-field. The re- 
sult is stored in true form in the B-field. 

Op-code grouping lines: 

Instruction Read-out 



Not percent type 
Addr double 
Two addr no mod 
Two addr 
Addr type 
No D-cy at 16 
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REGEN EXT LATCH 
16.30.06 



STORE B CH CHAR 
17.13.03 



REGEN 

3RD SCAN LATCH 

12.30.06 



YES 



SET EXTENSION LATCH 

16.30.06 



'FILL 



WRITE AN * 
17.13.05 



Figure 2.8-9 Edit 3rd Scan 



SET 3RD SCAN LATCH 



REGEN EXT LATCH 
16.30.06 



SET M Q LATCH 

FOR SKID CYCLE 

16.30.07 



REGEN 

3RD SCAN LATCH 

12.30.06 



TAKE A B CYCLE 
12.12.44 



RO B FIELD CHAR 
14.71.31 



IS THIS A 
SKID CYCLE? 



NO 



NO / \ YES 

BCHCHARAO b(.) ? X 



6 



YES / * FILL OR FL 
\ $ LATCH ON? 



* FILL OR FL \ FL$ 
DOLLLATON? / 



WRITE ASSIGN 



END EDIT 
START INSN RO 



b / BCHCHAR \ (.) 

bOR0(.)? 



NO JMO / ZERO SUPPR \ YES 

LATCH ON? 




NO y' \ YES 

* FILL LATCH ON? X 



WRITE A BLANK 
17.13.05 



WRITE AN * 
17.13.05 



-/ BCHCHARA(.)? V^-| 
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Operational 
No branch 

Add or subt op codes 
Arith type 
Add type 

Control 



Load mem on B-cy op codes 

1st scan first 

A-cy first 

Std A- cycle 

A-reg to A-ch on B-cy 

Read out AAR on A-cy 

Operation (Figure 2.9-1) 

The operation starts with an A-cycle during which the units position of the A-field 
reads out of storage and is gated to the A-data register. 

A B- cycle follows during which the units position of the B- field reads out onto 
the B-channel. The signs of the two channels and the type of Op code are analyzed 
to determine whether the A-field should be true or complement- added to the B-field 
(Figure 2. 4-5). This first B-cycle is one logic gate longer to allow time to set up 
the true or complement controls. The two digits are combined in the adder, and 
the adder output is fed to the assembly. The assembly combines the numerical bits 
from the adder with the B-channel zones and word mark, if any, and routes the 
character to the B-field location in storage. If there is a carry, the carry latch is 
set and is combined with the binary portion of the next digits on the next B-cycle. 

The operation continues to combine the two fields until an A-channel word mark 
is sensed. (A B-channel word mark stops the transfer if the A-field is longer than 
the B-field). The remainder of the B-field is combined with a zero on true-add or 
a nine-on-a-complement-add. The zero or nine is inserted directly into the adder 
on the A-field side. 

When a B-channel word mark is sensed, the first scan and the operation are 
ended unless there is no carry from the high-order position on a complement-add. 
(A carry on a true-add signifies an overflow, and the internal indicator Arith Over - 
flow is set. ) 

No-carry on a complement-add signifies that the sign of the B-field must be 
changed, and the field must be converted to the true form. For example: 

Add 

A-field - 17 

B-field +012 

Complement-add A-field 982 

+ 

B-field 012 

The carry latch is set ON 

for the units position 1_ 

+ 
98 995 



c 



A OR S OP CODE 



) 



YES / IS THERE AN \ NO 

ACHWM? 



SET EXTENSION LATCH 
16.30.06 



SET UNITS LATCH 
16.30.02 



SET UNITS LATCH 
16.30.02 



SET BODY LATCH 
16.30.04 



SET 1ST SCAN 
LATCH 

13-30-03 



SET 3RD SCAN LATCH 
12.30.03 



TAKE AN A 
CYCLE 
12.12.41 



SET COMPL ADD B 
10.20.10 



ROA FIELD CHAR 
14.71.30 



SET CARRY LATCH 
16.20.20 



TAKE B CYCLE 
12.12.44 



RO B FIELD CHAR 
16.41.01 



{THE D AR IS USED \ 
FOR UNITS POS J 



1ST / IS THE 1ST OR 3RD 
SCAN ON? 



SET TRUE ADD B LAT 
16.20.10 



IS THE A CH 
PLUS OR MINUS ? 



IS THE OPCODE 
ADD OR SUBT? 



_/ IS THE UNITS \ NO 
\. LATCH ON? I 



IS THE OPCCOE 
ADD OR SUBT? 



IS THE 'JSIITS 
LATCH ON? 



REGEN TRUE OR 
COMPL ADD 



INVERT B CH SIGN 
16.40.03 



IS THE B CH \ (+) M 
PLUS OR MINUS? 



IS THE B CH \ (-) 
PLUS OR MINUS? 



START TRUE ADD 
16.20.12 



START COMPL ADD 
16.20.12 



OR EXT LATCH ON? 



IS THIS TRUE OR 
COMPL ADD? 



INSERT 9 ON 

A CH TO ADDER 

16.20.11 



INSERT ON 

A CH TO ADDER 

16.20.11 



SET A NO CARRY LATCH 
16.20.22 



SET CARRY LATCH 
16.20.21 



GATE A CH TO 
QUI BIN TRANSL 



TRANSLBCHTOQUIBIN 
16.12.01-06 



GATE ADDER OUTPUT 
THRUASSEM 

16.40.01-02 



USE ADDER NU 
B CH ZONES 

BCH WM 



SET CARRY LATCH 
16.20.21 



-/ IS THERE A B CH WM?\- 



SET NO CARRY LATCH 
16.20.22 



1ST / 1ST OR 3RD \ ; 

r^— < SCAN LAT ON? J~ 



IS THIS A TRUE \ COMPL 
OR COMPL ADD? 



REGEN 3RD SCAN 
16.43.01 



1ST OR 3RD 
SCAN LAT ON 



YES / IS THERE AN \ NO YES 

ADDER CARRY? 



IS THERE AN \ NO 
ADDER CARRY? r 



REGEN 1ST SCAN 
16.43.0i 



SET ARITH OVERFLOW 
16.45.02 



Figure 2.9-1 Add or Subtract Op Code 



END ADD OR SUBT 
START INSN RO 
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The B-field is in complement form with a plus sign. No-carry starts another 
forward scan (3rd scan latch). The B-field is complement-added to zeros in- 
serted into the A-field side of the adder and the sign is inverted. 



B-field 


+ 
995 


Complement- add B-field 


004 


Insert zeros A-field 


000 


Carry latch ON for units 


1 


position 





005 

Again the B-field word mark ends the scan and the operation. 

2. 9. 02 Zero and Add or Zero and Subtract (? or !) 

Op- Code Function 

The zero and add (ZA) Op code causes the numerical data in the A-field to transfer 
to the B-field. The result in the B-field has no zones except the A-field sign. The 
zero and subtract (ZS) Op code is the same as zero and add except that the resul- 
tant sign is the opposite of the A-field sign. 

The sign over the units position is in the standard form; that is, a B-bit for 
minus or an A • B bit for plus. 

Op- code grouping lines are: 

Instruction Read-out 
Not percent type 
Addr double 
Two addr no mod 
Two addr 
Addr type 
No D-cy at 16 

Operational 
No branch 
Reset type op codes 
Arith type 
Add type 

Control 



1st scan first 

A-cy first 

Std A- cycle 

A reg to A-ch on B-cy 

Read out AAR on A-cy 

Stop at J on B-cy op codes 

Load mem on B-cy op codes 
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Operation (Figure 2. 9-2) 

The ZA or ZS operation starts with an A-cycle that causes the units position of the 
A-field to be set into the A-data register. During the following B-cycle, the units 
position of the B-field is read out, but a zero is inserted into the adder instead of 
the B-field character. The A-channel character is true-added to the B-field zero 
regardless of the signs of the field or of the Op code. The result from the adder 
is combined in the assembly with the sign of the A-field on ZA or with the opposite 
sign of the A-field on ZS. The operation continues: A-cycle, B-cycle, A-cycle, 
etc. using no zones and using the adder output. An A-channel word mark ends the 
A-cycles, and the remainder of the B-field is filled with zeros until a B-channel 
word mark is sensed. This ends the operation. 

2. 9. 03 Multiply (@) 

Op- Code Function 

The multiply Op code causes the numerical data in the A-field to repetitively add 
in the B-field. The multiplier is located in the high-order positions of the B-field. 
The low-order positions of the B-field are used to develop the product. The number 
of positions used for the product must be one higher than the number of positions in 
the A-field (multiplicand). 

v 
To multiply 82 X 250 (A-field) the B-field must be 820000. The A- and B-field 

addresses locate the units position of their respective fields. The result of the 
multiplication (product), is located in the B-field with the sign over the units posi- 
tion. 

Theory of Multiplication 

Multiplication in the IBM 1410 is a series of repetitive true or complement- addi- 
tions. The number and type of additions are determined by the specific multiplier 
digits. 

Digits 1-4. A multiplier units digit of from one through four causes a corresponding 
number of true additions of the A-field (multiplicand). These true-add scans 
start in the units position of the product field. Before each add scan, the mul- 
tiplier digit is reduced by one until the digit is zero. When this occurs, a left 
shift is forced. The left shift causes: 

1. The tens position of the multiplier (any digit one through four) to control 
the number of true-add scans. 

2. The true-add scans to start in the tens position of the product field. 

This procedure is repeated for each position of the multiplier, until the 
multiplier is all zeros. At the end of the operation the B-field contains only 
the completed product and the multiplier has been eliminated. 
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( ZA OR ZS OP CODE J 



YES / \ NO 

IS THERE A CARRY? 



SET CARRY LAT 
16.20.20 



SET UNITS LAT 
16.30.02 



SET NO CARRY LAT 

16.20.20 



SET 1ST SCAN LAT 
12.30.03 



YES / \ NO 

IS THERE ANA CH WW 



SET EXTENSION LAT 
16.30.06 



SET TRUE ADD A LATCH 
16.20.13 



SET BODY LAT 

16.30.04 



SET NO CARRY LAT 
16.20.20 



TAKE AN A CYCLE 
12.12.41 



RO A FIELD CHAR 
14.71. 30 



TAKE B CYCLE 
12.12.44 



ROB FIELD CHAR 
16.41.01 



/ INSERTS STANDARD \ 
I SIGN ZONES J-, 



YES 



IS THE UNITS LAT ON 



NO 



ZA / IS THE OP CODE ZA 
ORZS? 



ZS 



USE A CH SIGN 
16.40.03 



USE INVERTED A CH 

SIGN 

16.40.03 



BODY / IS THE BODY OR EXT\ EXT 
LATCH ON? 



INSERT ON ACH 

TO ADDER 

16.20.11 



GATE ACH TO 
QUI-BIN TRANS 

16.20.11 



INSERT ON BCH 
16.20.02 



GATE ADDER OUTPUT 
THROUGH ASM 

16.40.01-02 



USE ADDER NU, USE 
BCHWM, 
USE NO ZNS 
EXCEPT UNIT POS 



NO / \ YES 

IS THERE A B CH WM?' 



REGEN 1ST SCAN LAT 
16.43.01 



END OPER START 
INSN RO 
16.42.02 



REGEN TRUE ADD LATCH 
16.20.13 



Figure 2.9-2 Zero and Add, Zero and Subtract 
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Example: 203 X 1625 



Read out 3 and reduce 
True -add 

Read out 2 and reduce 
True-add 

Read out 1 and reduce 
True-add 

Read out and shift 
Read out and shift 
Read out 2 and reduce 
True-add 

Read out 1 and reduce 
True-add 

Read out 0, End Oper 



multiplier 

20300000 

20200000 
01625 



201 



01625 
01625 



20003250 
01625 



200|04875 
2^00487(5 



B- field 



1 



0004875 
01625 



00167 
01625 



00329875 



375 



Digits 5-9. Any multiplier digit of five or more causes the multiplicand to be 
complement-add scanned in developing the product. The number of comple- 
ment scans is determined by the specific multiplier digit. These complement- 
add scans are followed by a left shift of the multiplicand in the product and a 
true-add scan. 

For example, when multiplying by seven, the multiplicand is complement- 
add scanned three times. Each of these scans starts in the units position of 
the product. The multiplicand is then left- shifted one position in the product 
and true-add scanned once. This true-add scan starts in the tens position of 
the product. This effectively multiplies the number by ten minus three, which 
is seven. 



ample: 


7 X 1625 




1625 




1625 


X 7 




X 10 


11375 




16250 
-1625 
14625 
-1625 
13000 
-1625 



11375 
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This method for processing of multiplier digits five through nine permits 
considerable saving of processing cycles and time. The example described in 
Digits 1-4 requires seven true scans compared with one true scan and three 
complement scans actually used. 



TA 


1625 


TA 


16250 


TA 


1625 


CA 


98375 




3250 




14625 


TA 


1625 


CA 


98375 




4875 




13000 


TA 


1625 


CA 


98375 




6500 




11375 


TA 


1625 


Actual machine operation 




8125 






TA 


1625 
9750 






TA 


1625 







11375 
True-add scans 

For a comprehensive picture of the steps involved in processing any mul- 
tiplier, consider the multiplier 1991. In addition to the normal-add scans (true 
or complement) indicated by the multiplier digits, several additional add scans 
are required. These additional add scans occur following a left shift, when 
the next multiplier digit indicates a change from true to complement or the re- 
verse. In this multiplier an additional complement-add scan is required in the 
tens position, and an additional true-add scan is required in the thousands posi- 
tion. When an additional add- scan occurs, the multiplier digit is neither in- 
creased nor decreased during that scan. 

Processing the multiplier in this manner actually employs (in the multiply 
operation) a multiplier of 2000 minus 10 plus 1, which is 1991. 

2000 
- 10 
1990 

+ 1_ 

1991 

The following steps are taken by the CPU in developing this multiplier. 

1. The units position 1 requires one true-add scan and a reduction to zero. 
The units zero signals a left shift. 

2. The tens position 9 signals a change from true to complement. This change 
requires one complement-add scan with no multiplier digit increase. (Be- 
cause 9 is the complement of zero, no further increase in the 9-multiplier 
digit occur). Following this scan, the 9 signals a left shift. 

3. The hundreds position 9, while in the complement- add scan, immediately 
signals a left shift. 
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The thousands position 1 signals a change from complement to true. This 
change requires one true-add scan with no multiplier digit reduction. This 
scan is followed by a second true-add scan and a reduction of the thousands 
position 1 to zero. This zero, with a B-field word mark, signals the end 
of the multiply operation. 



Multiplier example: 19 9 1 



TA scan 



9 shift • CA scan 



1 



9 9 shift ■ CA scan • 1 
19 9 shift • TA scan " -T 







TA scan " End oper 



The fact that all multiply operations start and end in true-add is helpful in 
determining when extra add scans are required. This rule applies even when 
the units and/or highest-order positions of the multiplier are in the five-through- 
nine -digit range. 



Example: 98 X 1625 



Read out 8 and set Compl Add 
Compl Add 



9800000 

9800000 
98375 



Read out 8 and increase 

Compl Add 



Read out 9 and shift 
Read out 9 and shift set True Add 

True Add 

End operation 

Common Op-code grouping lines are: 

Instruction Read-out 



9998375 
98375 



99|96750 
9^9675^ 
r 0l625r 



0159250 



Not percent type op codes 
Not addr dbl op codes 
2 addr no mod op codes 
2 address op codes 
Addr type op codes 
C-cycle op codes 

Operational 
Mpy or div op codes 
Arith type op codes 
No-branch op codes 
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Control 
1st scan first op codes 
A-cycle first op codes 
Std A-cycle op codes 
A reg to A-ch on B-cy ops 
Load mem on B-cycle op codes 
Stop at J on B-cycle op codes 

Operation (Figures 2. 9-3, 2.9-4) 

The first objective is to find and to read out the units position of the multiplier. 
This is located immediately to the left of the product field. To find the multiplier, 
the CPU scans through the A- and B-fields (sets the product field to zero) until 
the A-field word mark is sensed. The A-channel word mark causes the extension 
latch to be set, and a C- and B-cycle to be taken. During the C-cycle, the CAR is 
used to read out the units position of the A-field. This character is stored in the 
A-data register, The B-cycle reads out, and sets the extra position of the product 
field to zero. Another B-cycle follows, and the MQ latch sets to identify this B- 
field character as the units position of the multiplier. During this B-cycle, the 
signs over the units positions of the multiplier and multiplicand (these were stored 
in the A-data register during the previous A-cycle) are analyzed to determine and 
to set the product sign into the sign latches. 

Also during this B-cycle the multiplier digit is analyzed to determine whether 
a true- or complement- add is to be taken. If the multiplier is from five through 
nine, the B-channel character (multiplier) is stored unchanged and the complement 
latch is set. A multiplier digit from one through four sets the true latch again, 
and causes the multiplier digit to be decreased by one. This is accomplished by 
inserting a nine into the A-channel side of the adder. This is added to the B- 
channel, and effectively subtracts one from the multiplier. 

The multiplier digit also determines whether the no-scan latch, 1st scan latch, 
or 2nd scan latch should be ON during the next cycle that is a D-cycle. During 
this D-cycle, the DAR is used to read out the units positions of the B-field. The 
sign latch that was set during the last B-cycle is used to set the sign over the units 
position of the product. 

The 2nd scan latch is turned on when a zero multiplier with a word mark is 
sensed. The multiply operation ends with the completion of this D-cycle. 

A zero multiplier without a word mark regenerates the 1st scan latch that 
modifies the address in the DAR by minus one (shift one position to the left), and 
initiates another B-cycle with the MQ latch ON. During this cycle the BAR reads 
out the next character of the multiplier. 

If the multiplier was a one-through-nine, the no-scan latch is set. The no- scan 
modifies the DAR address by zero (no shift) and sets the units and 3rd scan latches. 
The operation continues by scanning the A- and B-fields to true- or complement- 
add the A-field to the B-field. 
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c 



<J> OP CODE 



3 



.„. / \ un|Ts . 

EXT/ UNITS.BODYOR \ BODY 
EXT UTCH ON ? 



SET NO CARRY UTCH 
16.20.20 



SET EXTENSION LATCH 
16.30.06 



SET BODY LATCH 
16.30.C4 



SET NO SCAN 

12.30.05 



REGEN 1ST SCAN 
16.43.01 



TAKE A C CYCLE 
12.12.42 



SET 1ST SCAN 
12.30.05 



SET MQ LATCH 
16.30.07 



SET UNITS LATCH 
16.30.02 

I 
SET 1ST SCAN LATCH 

12.30.03 



SET TRUE ADD B LATCH 
16.20.10 



SET TRUE UTCH 
16.20.13 



TAKE AN A CYCLE 
12.12.41 



IS THE UNITS 
UTCH ON? 



1 



USE C AR TO RO U P 

A FIELD CHAR 

16.41.01 



TAKE A B CYCLE 
12.12.44 



/^THIS ADDRESS WHEN\ 
(MODIFIED IS READ INTOt_ 
V THE B AR ONLY J 



USEDARTOROU.P. 
B FIELD CHAR 



-/ UNITS UTCH ON? \_ 



THE B CH 

TRUE ADDED 



IS ALWAYs\ 
iDDED I 



BODY OR EXT 
UTCH ON? 



USE 3 AR TO RO 
B FIELD CHAR 



UNITS, 
BODY, 
EXT 



STORED IN B FIELD 
WITHOUT ZONES 



UNITS, BODY.EXT 
OR MQ UTCH ON ? 



A CH PLUS OR 
MINUS? 



6CH PLUS OR 
MINUS? 



USE A AR TO RO 

A FIELD CHAR 

16.41.01 



(-) (-) 



t CH PLUS OR 
MINUS? 



REGEN TRUE LATCH 
16.20.13 



SET MINUS SIGN UTCH 
16.16.04 



SET PLUS SIGN UTCH 
16.16.04 



INSERT A 9 ON A 
CH TO ADDER 



STORE IN B FIELD 

WITHOUT ZONES 

16.40.02 

I 



SET TRUE UTCH 
16.20.13 



SET NO CARRY UTCH 
16.20.20 



SET 2ND SCAN UTCH 
16.43.01 



REGEN 1ST SCAN 
UTCH 
16.43.01 



Figure 2.9-3A Multiply 1st Scan 



_/ B CH CHAR \_ 

\ OR 1-9 ? f~ 



t 



STORE B CH NU 
CHAR NO ZONES 



SETCOMPL UTCH 
16.20.13 



SET CARRY UTCH 
16.20.20 



STORE ADDER OUTPUT 
NO ZONES 



SET TRUE LATCH 
16.20.13 



SET NO CARRY UTCH 
16.20.20 



1 c 



SET NO SCAN 
UTCH 
12.30.05 



THE 9 INSERTED ON 
A CH TO ADDER RE 
DUCES B CH CHAR 
BY ONE 
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TAKE A D CYCLE 



USE D AR TO RO B FLD 
CHAR 

16.41.01 



THIS ADDRESS WHENX 

.../MODIFIED IS READ INTO) 

THE D AR ONLY / 



INSERT ON ASSMCH 



USE SIGN LATCH 
16.40.03 



NO, 1ST, 2ND/ IS THIS A NO. 1ST, 

1 — < 2ND OR 3RD 

SCAN? 



3RD 



LOAD MEM WITH AND 
SIGN 

12.50.01 



REGEN MEM 
12.50.02 



STOP AT J 
16.42.04 



STOP AT F 
12.12.30 



TRUE 



TRUE OR COMPL 
LATON ? 



COMPL 



SET NO CARRY LATCH 
16.20.20 



SET CARRY LATCH 
16.20.20 



2ND /IS THIS A NO, 1ST, 3RD \ NO, 1ST, 3RD 
OR 2ND SCAN? 



END OPER START INSN 
RO 

16.42.02 



NO /IS THIS A 1ST, 3RD OR \ 1ST, 3RD 
NO SCAN? 



YliA 



IIL/lS THE MDL LATCH OnV-^ 



SET UNITS LATCH 
16.30.02 



SET M Q LATCH 
16.30.05 



SET 3RD SCAN LATCH 
16.43.01 



SET 3RD SCAN LATCH 
16.43.01 





Figure 2.9-3B Set Sign and/or Shift 
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& 



IS THE BODY 
OR EXT LATCH ON? 



E A*ST 



USE AAR TO RO 
A FIELD CHAR 



REGEN 3RD 
SCAN 



SET TRUE ADD 

E LATCH 
16.20.10 



REGEN TRUE OR 
COMPL LATCH 
16.20.13 



TAKE AN A 
CYCLE 
16.42.01 



IS THE UNITS 
LATCH ON? 



USE C AR TO RO 
A FIELD CHAR 



REGEN CARRY OR 
NO CARRY LATCH 



REGEN UNITS.BODY 
OR EXT LATCH 



©- 



UNIT,BODYEXT 



UNIT.BODY / 



GATE A CH 
TO ADDER 
'6 ?n ii 



REGEN 3RD 
SCAN 



SET TRUE ADD 

6 LATCH 

16.20.10 



TAKEB 
CYCLE 

16,42.01 



USE D AR TO RO 
B FIELD CHAR 



IS THE UNITS, 
BODY, EXT OR 



IS THE UNITS, 
BODY OR EXT 
LAT ON? 



REGEN TRUE OR 
COMPL LATCH 



IS THE UNITS 
LATCH ON? 



USE 8 AR TO RO 
B FIELD CHAR 



16.41.01 



J 



IS THE TRUE 
OR COMPL LAT ON? 



INSERT ON A 
CH TO ADDER 

16.20.11 



INSERT 9 ON A 
CH TO ADDER 



GATE ADDER 
OUTPUT THRU ASSEMB 



■c 



USE B CH ZONES 



D 



IS THE ASM CH 0? 



SET NOT 
BAL LATCH 
16.44.11 



■~Q 



STAYS ON ONCE SET 







NO/ IS THERE AN \ YES 

ADDER CARRY? 



SET NO CARRY LATCH 
16.20.20 



IS THE UNITS, \ 
ODY OR EXT LAT V- 
ON? / 



SET CARRY LATCH 
16.20.20 



IS THERE AN A CH WM 



SET BODY LATCH 
16.30.04 



Figure 2. 9-3C Add A-Field to B-Field 



SET EXTENSION LATCH 
16.30.06 



T / IS THE TRUE OR 

COMPL LATCH ON? 



SET NO CARRY LATCH 
16.20.20 



SET CARRY LATCH 
16.20.20 



IS THE MDL LATCH ON 



SET MQ LATCH 
16.30.07 



END OPER 

START INSN RO 

16.42.02 
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CO 

o 

I 

n 
o 



THIS REDUCES THI 

CH CHAR BY ONE 

IN THE ADDER 



TRUE OR COMPL 
LATCH ON? 



> 



COMPL 



INSERT A 9 ON A 
CH TO ADDER 



16.20.11 



INSERT A ON A 
CHANNEL TO ADDER 

16.20.11 



THIS PLUSTHEN. 

CARRY LATCH SET \ 

ON DURING THE NEXT \ 

CYCLE INCREASE THE B I 

CH CHAR BY ONE, / 

IN THE ADDER / 



TRUE 



YES 



STORE NO ZONES 
16.40.02 



SET TRUE LATCH 
16.20.13 



SET NO CARRY LAT 
16.20.20 



TRUE OR COMPL 
LATCH ON? 



END OPERATION 
START INSN RO 

16.42.02 



0-4 /B-CH CHAR 0-4 OR 5-9 



> 



/ \ 1-4 

' B CH CHAR OR 1-4? 



< 



TRUE OR COMPL 
LATCH ON? 



STORE B CH CHAR 
NO ZONES 



16.40.02 



STORE ADDER OUTPUT 
NO ZONES 



COMPL 



SET TRUE LATCH 
16.20.13 



SET NO CARRY LATCH 
16.20.20 



SET UNITS LATCH 
16.30.02 



< 



3-8 ' B CH CHAR 5-8 OR 9? V 



TRUE OR COMPL 
LATCH ON? 



STORE ADDER OUTPUT 
NO ZONES 



16.40.02 



TRUE OR COMPL 
LATCH ON? 



COMPL 



STORE 8 CH CHAR NO 
ZONES 

16.40.02 



IS THE ZERO BAL 
LATCH ON? 



SET COMPL LATCH 
16.20.13 



STORE B CH CHAR 
NO ZONES 

16.40.02 



SET CARRY LATCH 
16.20.20 



BCH WM? 



SET COMPL LAT 
16.20.13 



REGN 3RD SCAN LATCH 



SET TRUE ADD B LAT 
16.20.10 



YES 



STORE NO ZONES 
16.40.02 



> 



YES 



SET TRUE LATCH 
16.20.13 



SET MDL LATCH 
16.62.01 



MULTIPLY PROBLEM: 



"B" FIELD 



v + 

8 2 



"A" FIELD 













k -LOCATION OF D AR 








OBJECTIVES 


CYCLE A/R 
RO 


UNITS SCAN STORED DIGI1 
BODY 1ST "B" ON 
EXTN 2ND, 3RD FIELD ASSEV 
MQ NO T 


ADDER CARRY ADDER TRUE REMARKS 
"B" NO "A" OR 
CARRY COMP 


LOCATE- UNITS POS . 

OF MULTIPLIER 


A 
B 


CAR 
DAR 


U 


V + 


o o 










UNITS A 
UNITS B 


ZERO- 
PRODUCT 

FIELD 


A 
B 


A AR 
BAR 


Y 



















A 

B 


AAR 
BAR 


Y 



















A 

B 


CAR 

BAR 


X 


1 













UNITS A 


ANALYZE-SIGN & MULTIPLIE 


! B 


BAR 


MQ 


1 1 


1 


2 


C 


9 




REDUCE 


STORE-SIGN 


D 


DAR 




N 


o 








T 


UNITS B 




V 

8 1 









TRANSFER- TRUE 
ADD 


A 
B 


CAR 
DAR 


U 


3 


1 1 





C 


1 




UNITS A 
UNITS B 


SCAN 


A 

B 


AAR 
BAR 


Y 


3 


8 8 





c" 


8 








A 
B 


AAR 
BAR 


Y 


3 


1 1 





c 


1 








B 


BAR 


X 


3 T 








c 











B 


BAR 


MQ 


3 





1 


c 


9 




REDUCE 






V 

8 


1 8 T 












TRANSFER- TRUE 
ADD 


A 

B 


CAR 
DAR 


U 


3 


2 2 


1 


c~ 


1 




UNITS A 
UNITS B 


SCAN 


A 
B 


AAR 
BAR 


Y 


3 


6 6 


8 


c 


8 








A 
B 


AAR 
BAR 


Y 


3 


3 3 


1 


c 


1 








B 


BAR 


X 


3 








c" 











B 


BAR 


MQ 


3 


i 


£i 


c" 


>i 






MODIFY DAR-1 


D 


DAR 




3 


T 










SHIFT 


ANALYZE-MULT.CHAR. 


B 


BAR 


MQ 


3 8 


8 


8 


c" 













V 

8 


3 6 2 










TRANSFER- COMP 
ADD 


A 

B 


CAR 
DAR 


U 


3 


5 5 


6 


c 


8 


S 


UNITS A 
TENSB 


SCAN 


A 

B 


AAR 
BAR 


Y 


3 


5 5 


3 


c 


1 


S 






A 
B 


AAR 
BAR 


Y 


3 8 


8 





c" 


8 


S 






B 


BAR 


X 


3 9 


9 





c" 


9 


s 






B 


BAR 


MQ 


3 9 


9 


8 


c 





s 


INCREASE 




V 1 
9 9 8 


5 5 2 












TRANSFER- COMP 
ADD 


A 
B 


CAR 
DAR 


U 


3 


4 4 


5 


c 


8 


s 


UNITS A 
TENSB 




A 
B 


AAR 
BAR 


Y 


3 


7 7 


5 


c 


1 


s 






A 
B 


AAR 
BAR 


Y 


3 6 


6 


8 


c~ 


8 


s 






B 


BAR 


X 


3 9 


9 


9 


c 


9 


s 






B 


BAR 


MQ 


3 9 


9 


;> 


c 


\J 


s 




MODIFY DAR -1 


D 


D AR 




3 


T 








T 


mi*™" 




V 

9 9 6 


7 4 2 












TRANSFER- TRUE 
ADD 


A 
B 


CAR 
DAR 


U 


3 


8 8 


7 


c 


1 


T 


UNITS A 
HUNDREDS B 




A 
B 


AAR 
BAR 


Y 


3 4 


4 


6 


c 


8 


T 






A 
B 


AAR 
BAR 


Y 


3 1 


1 


9 


c 


1 


T 




END OPERATION 


B 


BAR 


X 


3 |0 





9 


c 





T 




V 

1 4 


3 4 2 













Figure 2.9-4 Multiply Chart 
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2. 9. 04 Divide (%) 
Op-Code Function 

The divide Op code causes the dividend located in the B-field to be divided by the 
divisor in the A-field. The result or quotient is located in the high-order positions 
of the B-field with any remainder still in the low-order of the B-field. The length 
of the dividend- quotient field (B-field) is one more than the total number of posi- 
tions in the divisor and dividend fields. The B-address locates the high-order po- 
sition of the dividend in the B-field. The A-address locates the units position of 
the A-field. The quotient should be preset to zeros. The dividend must have a 
standard sign; that is, an A- and B-bit for a plus, or a B-bit only for a minus field. 

Theory of Divide 

The development of the quotient involves counting the number of repetitive sub- 
tractions (reductions) required to reduce the dividend to less than the divisor. Any 
portion of the dividend that exists in the low-order B-field positions at the conclu- 
sion of the operation is the remainder. 

The divide operation is initiated by a reduction attempt in the high-order posi- 
tion of the dividend. If this reduction is successful, it is followed by another re- 
duction attempt in the same dividend position. Any unsuccessful reduction (divisor 
larger than dividend) is followed by a true-add scan (correction) to restore the 
previous dividend figure. The unsuccessful reduction is called an overdraw . 

A correction cycle is normally followed by a right shift to allow processing of 
the next lower-order position of the dividend. This is true for all but the units 
position of the dividend where the presence of a B-bit signals the end of the dividend. 

The accumulation of the quotient (in the high-order of the B-field) occurs at 
the end of each successful reduction. This accumulation continues in the same 
quotient position, until a right shift of the divisor in the dividend field. At this 
time, a similar shift occurs in the quotient and further accumulation now occurs 
in this new position. 

The following example covers the various cycles involved in a divide operation: 
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Example: 14980 65 



Reduction CA 

Overdraw 

Correction TA 

Shift and reduction CA 

Overdraw 

Correction TA 

Shift and reduction CA 

Accumulate quot 
Reduction CA 

Accumulate quot 
Reduction CA 

Overdraw 

Correction TA 

Shift and reduction CA 

Accumulate quot 
Reduction CA 

Accumulate quot 
Reduction CA 

Accumulate quot 
Reduction CA 



14 9 8 
9 3 5 



Overdraw 




Correction 


TA 


Shift and reduction 


CA 


Overdraw 




Correction 


TA 


End divide 








9 



3 

6 


6 

5 


4 


9 


8 












9 


1 
3 


4 

5 


9 


8 











9 



4 
6 


9 
5 


9 


8 














1 
9 


4 
3 


9 

5 


8 











1 



9 


8 
3 


4 

5 


8 











2 




9 


1 
3 


9 
5 


8 











2 


9 



5 

6 


4 
5 


8 











2 





1 

9 


9 
3 


8 
5 











2 


1 


1 
9 


3 
3 


3 

5 











2 


2 



9 


6 
3 


8 

5 











2 


3 



9 



3 


3 

5 











2 


3 


9 



3 
6 


8 
5 











2 


3 






9 


3 
3 



5 








2 


3 





9 



6 
6 


5 
5 



00230030 
Quotient Remainder 
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Common Op-code grouping lines are: 

Instruction Read-out 



Not percent type op codes 
Not addr dbl op codes 
2 addr no mod op codes 
2 address op codes 
Addr type op codes 
C-cycle op codes 

Operational 
Mpy or div op codes 
Arith type op codes 
No-branch op codes 



Control 
1st scan first op codes 
A-cycle first op codes 
Std A-cycle op codes 
A-reg to A-ch on B-cy ops 
Load mem on B-cy op codes 
Stop at J on B-cy op codes 

Operation (Figures 2. 9-5, 2.9-6) 

The DAR provides the address of the high-order dividend position for the initial 
reduction attempt. When a right shift occurs the DAR is modified by 1 to permit 
subsequent reductions to occur in the next lower-order position of the dividend. 
The CAR is always used to locate the units position of the A-field. Reductions 
continue until an overdraw occurs. An overdraw is recognized by the lack of a 
carry when in a reduction (CA scan) with the extension latch on. 

An overdraw is always followed by a correction (TA scan). This restores the 
dividend to a true figure, and is followed by a right shift (except when a B-bit is 
sensed in the dividend). 

Each successful reduction is followed by an increase of one in the quotient ac- 
cumulation. This is done by combining the carry (from the successful reduction) 
with an A-channel zero and the B-channel numerical bits (previous quotient digit). 
The MQ latch is on when this quotient increase occurs. To provide for accumula- 
tion of all the digits in the quotient, each right shift in the dividend causes a simi- 
lar shift in the quotient. 

When a B-bit is sensed in the dividend during a correction (TA scan) the MDL, 
(multiply -divide last) latch is set, and the proper quotient sign is set in the sign 
latches. Following the correction, one additional B-cycle is taken with the MQ 
latch ON. This stores the quotient sign (previously set in the sign latches) over 
the units position of the quotient. The divide operation ends at this point. 
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2. 10. 00 LOGIC OP CODES 

The IBM 1410 can be programmed to test for conditions that may arise during 
processing and to transfer (branch) the program to an alternate set of instructions 
(subroutine). The Op code and d-modifier determine which condition is tested. 
Some of the conditions that can be tested by programming are: 

1. Internal conditions (such as zero balance, compare latches, divide overflow, 
etc. ) 

2. I/O channel indicators (such as channel busy, not ready, data check, etc. ) 

3. Word marks. 

A transfer from one instruction to another instruction or set of instructions to 
alter the execution in sequence of program steps is called a program branch. 

2. 10. 01 Branch Operation (Figure 2. 10-1) 

A branch instruction has an I-address in place of the A-field address. During in- 
struction read-out this I-address is stored in the AAR. The I-address is the loca- 
tion of the Op code of the instruction to which the program branches, if the condi- 
tions tested call for a branch. 

When a branch is required, the CPU takes a B-cycle. During this B-cycle the 
IAR reads out to the STAR and through the modifier to the BAR. A modify-by- zero 
condition exists in the modifier because the no- scan latch is set. 

Note: The new contents of the BAR, which is the address of the next sequential 



instruction (NSI), can be stored in cores by writing the first instruction of the sub- 
routine as a G-Op code. In this case, the last instruction in the subroutine is an 
unconditional branch: 

J (I) BLANK to the stored NSI address. 

The branch to AAR latch is set to cause the AAR to read out to STAR for the 
I-Op cycle of instruction read-out. This is the start of normal instruction read- 
out for the first branch routine instruction. 

2. 10. 02 Branch if Internal Indicator On (J) 

Op- Code Function 

The J- Op code allows the program to test the internal indicators. The d-character 
modifier specifies the condition to be tested. If the indicator tested is OFF, the 
program continues on to the NSI. If the indicator is ON the program branches to 
the I-address. 

Figure 2. 10-2 shows the d-modifiers and the indicators that they test. 
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Figure 2.10-1 Branch 
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Figure 2. 10-2 Branch Conditions for J Op Code 
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Figure 2.10-3 J Op Code 
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Op-code grouping lines are: 

Instruction Read-out 
Not % type op code 
Addr dbl op code 
I-addr plus mod op codes 
Addr type op codes 
No C- or D-cy op codes 

Operational 
Branch type op codes 

Control 
Op mod to A-ch on B-cycle ops 
Regen mem on B-cy op codes 
Stop at F on B-cycle op codes 
Read out BAR on scan B-cy ops 

Operation (Figure 2. 10-3) 

At I-ring 6 time during instruction read-out, the Op-modifier register is set with 
the Op-modifier character and decoded. 

The Op-modifier decode is compared with the indicators, and at I-ring 7 time 
( Last Insn RO Cy) either the branch or no -branch condition is brought up. No- 
branch causes Last Execute Cycle that initiates instruction read-out of the NSI. 
Branch causes the extra B-cycle as covered in section 2. 10. 01 Logic. 

2. 10. 03 Branch if I/O Channel -Status Indicator on (R or X) 

Op-Code Function 

The R or X Op code allows the program to test the I/O channel- status indicator 
for channel 1 and channel 2 respectively. The d-character modifier specifies the 
indicator to be tested. 

The group-mark modifier ($ ) consists of all the BCD bits and tests for any 
status indicators that are ON. This modifier must be given after each I/O com- 
mand on each channel. Figure 2. 10-4 shows the d-modifiers and the indicators 
that they test. 

Op- code grouping lines are: 

Instruction Read-out 
Not % type op codes 
Addr dbl op codes 
1 addr plus mod op codes 
Addr type op code 

Operational 
Branch type op codes 
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Figure 2. 10-4 Branch Conditions f or R or X Op Code 
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Figure 2. 10-5 R or X Op Code 
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Control 
Op mod to A-ch on B-cycle ops 
Regen mem on B-cycle op codes 
Stop at I on B-cycle op codes 
Read out BAR on scan B-cycle ops 

Operation (Figure 2. 10-5) 

The R and X Op code are similar in operation to the J-Op code except that at I- 
ring 6 time, if the channel to be tested is still in-process, the disable compute 
cycle is brought up to stop the CPU clock and to prevent testing the indicators 
until the operation is completed. 

2. 10. 04 Branch if Character Equal (B) 

Op- Code Function 

The B-Op code allows the program to compare any character in storage with the 
d-modifier to determine whether they are the same. The instruction contains the 
address of this character in the B-field. 

Op-code grouping lines are: 

Instruction Read-out 



Not % type op codes 

Not addr dbl op codes 

2 Addr plus mod op codes 

2 Addr op codes 

Addr type op codes 

No C- or D-cycles op codes 

No D-cycle at I-ring 6 ops 

Operational 
Compare type op codes 
Branch type op codes 

Control 



1st scan first op codes 

B-cycle first op codes 

Op mod to A-ch on B-cycle ops 

Regen mem on B-cycle op codes 

Read out BAR on scan B-cycle ops 

Stop at H on B-cy ops 

Operation (Figure 2. 10-6) 

The operation starts by taking a B-cycle to read out the character at the B-field 
address. The Op modifier register is gated to the A-channel, and a comparison 
between the A- and B-channels is made in the compare unit. If the equal latch is 
set, the program branches to the I-address in the AAR. In all other cases the 
program continues to the NSI. 
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2. 10. 05 Branch if Bit Equal (W) 
Op- Code Function 

This instruction causes the character at the B-address to be compared, bit by bit, 
with the d-character. If any bit in the character at the B-address matches any 
bit in the configuration of the d-character, the program branches to the I-address. 

Op-code grouping lines are: 

Instruction Read-out 
Not percent type op codes 
Not addr dbl op codes 
2 Addr plus mod op codes 
2 Address op codes 
Address type op codes 
No C- or D-cy op codes 
No D-cy at I-ring 6 ops 

Operational 
Branch type op codes 

Control 



1st scan first op codes 
B-cy first op codes 
Op mod to A-ch on B-cy ops 
Regen mem on B-cy op codes 
RO BAR on scan B-cy ops 
Stop at H on B-cy ops 

Operation {See Figure 2. 10-6) 

The operation is the same as the B-Op code except that individual bits are com- 
pared to determine whether a branch should be taken (12. 60. 03). 

2. 10. 06 Branch on Word Mark or Zone Equal (V) 

Op-Code Function 

The character at the B-address is examined for the specific zone or word-mark 
combination specified by the d-modifier (Figure 2. 10-7). If the condition is 
satisfied, the program branches to the I-address; otherwise, the program con- 
tinues to the NSI. 

Op-code grouping lines are: 

Instruction Read-out 



Not % type op codes 
Not addr dbl op codes 
2 Addr plus mod op codes 
2 Addr op codes 
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Addr type op codes 

No C- or D-cycles op codes 

No D-cycle at I-ring 6 ops 

Operational 
Branch type op codes 

Control 



1st scan first op codes 

B-cycle first op codes 

Op mod to A-ch on B-cycle ops 

Regen mem on B-cycle op codes 

Stop at H on B-cycle op codes 

Read out BAR on scan B-cycle ops 

Operation (Figure 2. 10-8) 

This operation duplicates the B-Op code until the character that is designated by 
the BAR is read out to the B-channel. At this point, the zones on the B-channel 
are compared with the zones of d-modifier (gated to the A-channel on this B-cycle) 
to determine if they are the same. 

A branch is initiated, if the d-modifier contains a 2-bit and the zones compare 
equal, or if the modifier has a 1-bit and there is a B-channel WM. 

2. 11. 00 MISCELLANEOUS OP CODES 

2.11.01 Table Look- Up (T) 

Op-Code Function 

The T-Op code causes the machine to search through a table to locate a table 
argument that is equal to, lower than, or higher than the search argument as de- 
termined by the d-modifier (Figure 2. 11-1). 

The A-field address locates the search argument. The B-field address locates 
the low-order character of the table. 

An example of table search is locating the square of a number ( search argument ). 
A table of squares is stored in the core- storage unit. The table includes the num- 
ber ( table argument ), followed by the square of the number ( function ). See Figure 
2. 11-2 that contains square arguments and functions. The end of the table is desig- 
nated by a B-field shorter than the A-field. In the case of a single-character A- 
field, the condition specified by the modifier must be met to stop the operation. 

Common Op-code grouping lines are: 

Instruction Read-out 

Not percent type op codes 

Not addr dbl op codes 

2 Addr plus mod op codes 

Two address op codes j2c 



V OP CODE 



SET 1ST SCAN LATCH 
12.30.01 



SET UNITS LATCH 
16.30.02 



TAKE A B CYCLE 
12.12.44 



USE B AR TO RO 

B CHARACTER 

14.71.31 



GATE OP MODE TO 

A CHANNEL 

15.38.02 



<1 



YES / \ NO 

' IS OP MOD CHAR 3? 



D- 



IS OP MOD CHAR 
1 OR 2? 



NO/ IS THERE A B CH WM \YES YES/ |S THERE A B CH WM? 



OR ZONE EQUAL? 



c 



NO BRANCH 



Figure 2.10-8 U Op Code 



D c 



K,r> wn / IS OP MOD ZONE \ yES 

NO NO/equal TO B CH ZONE?VA S 



12.60.03 



BRANCH 



} c 



12.60.03 / 



NO BRANCH 



} C 



BRANCH 



J 
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Addr type op codes 

C-cycle op codes 

No D-cycle at I-ring 6 ops 

Operational 
Compare type op codes 
No-branch op codes 

Control 



1st scan first op codes 

A-cy first op codes 

Std A-cycle op codes 

A-reg to A-ch on B-cycle ops 

Regen mem on B-cy op codes 

Read out BAR on scan B-cy ops 

Operation (Figure 2. 11-3) 

During the Last Insn RO cycle the controls are set for an A-cycle with 1st scan 
control. The units latch is set ON and causes the CAR to read out the units posi- 
tion of the A-field (search argument). A B-cycle is initiated. At that time BAR 
reads out the units position of the B-field (table argument). 

The A-channel and B-channel characters are compared, and the result sets 
the high, low, or equal compare latch. The absence of an A-Ch or B-Ch WM 
initiates another A-cycle and the AAR is used to read out the tens position of the 
search argument. A B-cycle follows during which the BAR is used to read out 
the tens position of the table argument. 

Character-by-character comparison continues by means of alternate A- and 
B-cycles, until the A-Ch WM is reached. When the A-Ch WM is encountered, the 
compare latch setting is analyzed. If the latch setting satisfies the condition that 
is specified by the Op modifier, the table look-up operation ends. If the condition 
is not met, B-cycles are taken successively until a B-Ch WM is encountered. This 
indicates the end of the function field. The CAR retains the location of the units 
position of the A-field and permits the search argument to be compared with the 
next B-field table argument. Comparison of the search argument with the table 
arguments continues until the condition of the Op modifier is met, or until a B-Ch 
WM_is encountered before an A-field WM (that is, until a B-field shorter than an 
A-field is encountered). In the latter event, the high latch is set ON, and the 
table look-up operation terminates. 

2. 11. OZ Store Address Register (G) 

Op-Code Function 

The contents of the register that is specified by the d-character are stored in the 
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DESCRIPTION 


d 
CHARACTER 


BIT 
CONFIGURATION 


STOP IF TABLE ARGUMENT IS: 


LOOKUP EQUAL 


2 


2 


EQUAL TO SEARCH ARGUMENT 


LOOKUP LOW 


1 


1 


LOWER THAN SEARCH ARGUMENT 


LOOKUP HIGH 


4 


4 


HIGHER THAN SEARCH ARGUMENT 


LOOKUP LOW OR EQUAL 


3 


2 1 


EQUAL TO OR LOWER 
THAN SEARCH ARGUMENT 


LOOKUP EQUAL OR HIGH 


6 


42 


EQUAL TO OR HIGHER 
THAN SEARCH ARGUMENT 


LOOKUP LOW OR HIGH 


5 


4 1 


LOWER THAN OR HIGHER THAN 
SEARCH ARGUMENT 



Figure 2.11-1 d-Character for Table Lookup 



Op Code A-addr B-addr d-mod 
T 02251 25000 2 



Table < 



13225 1115 



1 1025 1 105 



9025 ! 95 



7225 I 85 



5625 ! 75 



3025 1 55 



2025 I 45 



1225 ! 35 



625 ! 25 



225 ! 15 



Function 

Table Argument — 



Address * 25000 



Search Argument 
Address * 0225 




Figure 2.11-2 Table Lookup Operation 
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SET BODY LATCH 
16.30.0) 



SET UNITS LATCH 
16.30.01 



( T OP CODE ) 

SET 1ST SCAN LATCH 
12.30.05 



REGEN 1ST SCAN LAT 
12.30.05 



SET UNITS LATCH 
16.30.01 



TAKE AN A CYCLE 
12.12.41 



UNITS OR BODY 
LAT ON? 



USE C AR TO RO 
U.P. A-FIELD CHAR 

14.71.32 



SET HI CY LATCH 
17.18.01 



END OPER 
START INSN RO 



Figure 2.11-3 Table Lookup Op Code 



REGEN 1ST SCAN LAT 
12.30.05 



USE A AR TO RO 
A-FIELD CHAR 



SET EXTENSION LAT 
16.30.05 



TAKE A B CYCLE 
12.12.44 



WHEN THERE IS AN A CH WM 

WITH UNIT OR BODY LATCH ON 

THE CY IS LENGTHENED TO H 



USE B AR TO RO 

B-FIELDCHAR 

14.71.31 



GATE A REG TO A CH 
15.38.02 



GATE COMPARE 

LATCHES ON? 

17.14.01 



< 



HI OR LOW LATS SET DURING 
UNITS AND BODY ONLY 
EQ LAT SET DURING UNITS CM' 



D 



< 



, YE Y EQUAL LATCH ON? V 



OP MOD 2 BIT? 



NO 



( 



HI / \ LOW 

——(HI OR LOW LATCH ON?)— 



OP MOD 4 BIT? 



OP MOD 1 BIT? 



END OPER 

START INSN RO 

17.18.01 



> 
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C-field. The C-address specifies the low-order position of the field in which the 
register contents are to be stored. 

Op-Modifier Function 

The d-character specifies the register to be stored, as follows: 

d-Character Operation 

A Store A-address register 

B Store B-address register 

E Store E-address register 

F Store F-address register 

Common Op-code grouping lines are: 

Instruction Read-out 
Not addr dbl op codes 
1 Addr plus mod op codes 
Addr type op codes 
No index on 1st addr ops 

Operational 
No-branch op codes 

Control 



1st scan first op codes 
Operation (Figure 2. 11-4) 

A series of 5 C-cycles takes place. During each C-cycle, the CAR is modified 
by minus one. The A-ring advances through A6 serially to gate each position of 
the selected address register out to the address exit channel. The contents of the 
address register that is being stored is then switched to the A-data register, to the 
A-channel, and through assembly to the storage location addressed by the CAR. The 
operation ends after the ten-thousands position of the selected address register is 
stored at A-ring 6 time. 

2.11.03 Set Work Mark (. ) 

Op-Code Function 

The comma (, ) Op code causes a word mark to be set at each address that is 
specified in the instruction. The data at each address is undisturbed. If this in- 
struction is given with one address (A-address), a word mark is set at the A- 
address only. If the address instruction is indexed, a word mark is set at the 
locations that are specified by the indexed A-address. However, if this instruc- 
tion is given with no A-address ( no-address instruction ), word marks are set at 
the locations that are specified by the addresses in both the A- and B-address 
registers (the contents from the previous operation). 
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REGEN 1ST SCAN LATCH 
12.30.05 



A RING 2, 3, 4, 5 



c 



GOP CODE 



} 



SET 1ST SCAN LATCH 
12.30.05 



SET UNITS LATCH 
16.30.05 



SETA RING TO Al 
14.70.10 



TAKE A C CYCLE 
12.12.42 



USE C AR TO 
ADDRESS STORAGE 

14.71.32 



ADVANCE A RING 
14.70.71 



RO AR SELECTED BY 
OP MOD CHAR 

14.71.30 



RESET A DATA REG 
15.38.01 



GATE AR TO 
AR EXIT BUS 



GATE AR EXIT TO 
A DATA REG 

15.38.01 



GATE A DATA REG 
TOACH 

15.38.02 



GATE ASSM CTRLS 
TO STORAGE 

15.49.03-04-05 



A RING 2, 3, 4, 
5, OR 6? 



'A RING 2GATESU.P 
A RING 3 GATES T.P 
A RING 4 GATES H.P. 
A RING 5 GATES TH. P. 
RING 6 GATES TTH. P 




USE B CH WM 
USE B CH ZONES 
USE A CH NUM 



A RING 6 



END OPER 
START INSN RO 

12.12.51 



Figure 2.11-4 Store Address Register 
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Op-code grouping lines are: 

Instruction Read-out 



Not percent type op codes 
Addr double op codes 
2 Addr no mod op codes 
Two address op codes 
Addr type op codes 
No C- or D-cy op codes 
No D-cy at I-ring 6 ops 

Operational 
No-branch op codes 
Word mark op codes 

Control 



1st scan first op codes 

A-cy first op codes 

A-reg to A-ch on B-cy ops 

Read out BAR on scan B-cy ops 

Read out AAR on A-cy ops 

Operation (Figure 2. 11-6) 

One A- and one B-cycle are required to execute this operation. During A-cycle, 
the A-address character reads from storage to the B -channel. It is then gated 
through the assembly and back into storage accompanied by a WM bit. Also at 
this point, a check bit is added or removed to maintain parity. 

During B-cycle, the character at the B-address is read from storage and 
treated similarly. If only one address is specified, the A-data address is stored 
in both the A- and B-address registers during instruction RO. Therefore, when 
execute phase begins for a single-address instruction, the A-data address is in 
both the AAR and BAR. Thus, a WM is set in the same location twice, once during 
the A-cycle, and once during the B-cycle. 

If this instruction is given with no address, WM's are set in A- and B-address 
locations that are specified in the previous instruction. The operation is the same 
to a two-address instruction. 

2.11.04 Clear Word Mark (H ) 

Op -Code Function 

The Et Op code causes word marks to clear from the locations specified by the A- 
and B-addresses of the instruction. The data of each address is undisturbed. If 
this instruction is given with one address, a word mark is cleared at the A- 
address only. If the instruction is indexed, a word mark is cleared at the location 
that is specified by the indexed address. However, if this instruction is given with 
no addresses, word marks are cleared at the locations that are specified by the 
addresses in both the A- and B-address registers from the previous operation. 
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f , ORITOPCODE J 






SET 1ST SCAN LATCH 
12.30.05 






SET UNITS LATCH 
16.30.05 






TAKE AN A CYCLE 
12.12.41 






USE A AR TO RO 
A-FIELD CHAR 

14.71.30 






GATE CHAR THROUGH 
ASM TO STORAGE ■ 






REGEN 1ST SCAN LATCH 
12.30.05 






TAKE A B CYCLE 
12.12.44 






USE B AR TO RO 
B FIELD CHAR 

14.71.31 






GATE CHAR THROUGH 
ASM TO STORAGE 






END OP START INSN RO 
12.12.51 




USE B CH ZONES" 

AND NUM. (,) SETVMO 

(17.13.01) 

(a) USE NO WM 

(15.49.01) 



l 



Figure 2.11-5 Set or Clear Word Marks 
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I 1 OR I 6 



/OPCODE 



LAST INSN RO 
II, 16, OR 111? 



SET NO BRANCH LATCH 
12.60.14 



SET BR TO AAR LATCH 
12.60.14 



SET 1ST SCAN LATCH 
12.30.05 



TAKE A E CYCLE 
12.12.44 



USE B AR TO RO 
B FIELD CHAR 

14.71.31 



GATE ASM TO STORAGE 



USE NO ZONE 

USE NO WM 

USE NO NU 

CBIT 



NO / BORROW ONE FROM\ YES 
HUND POS? 



SET NOT EVEN 
HUND LATCH 

14.71.40 



MOD BY MINUS 
ONE STILL ON AT 
LGD 



SET EVEN HUND LATCH 
14.71.40 



YES / \ NO 

.BR TO AAR LATCH ON? N 



BRANCH 



END OP START INSN RO 
12.60.08 



Figure 2.1 1-6 Clear Storage 
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Common Op-code grouping lines are: 

Instruction Read-out 
Not percent type op codes 
Addr dbl op codes 
2 Addr plus no mod op codes 
2 Address op codes 
Addr type op codes 
No C- or D-cy op codes 
No D-cy at I-ring ops 

Operational 
No-branch op codes 
Word mark op codes 

Control 



1st scan first op codes 
A-cy first op codes 
A-reg to A-ch on B-cy ops 
RO BAR on scan B-cy ops 
RO AAR on A-cy ops 

Operation (Figure 2. 11-5) 

This operation is executed in the same manner as set word mark , section 2. 11. 03. 
One A- and one B-cycle are taken. The character to be treated is handled in the 
same manner. The same Op-code grouping lines are activated. The significant 
difference is that the WM bit is removed instead of set, as the character is gated 
through assembly to storage. 

2. 11.05 Clear Storage (/) 

Op- Code Function 

The / Op code causes as many as 100 positions of core storage to be cleared of 
data and word marks. Clearing starts at the A-address and continues leftward to 
the nearest hundreds position. The cleared area is set to blanks. 

Op-code grouping lines are: 

Instruction Read- out 
Not percent type op codes 
Addr double op codes 
2 Addr no mod op codes 
Two address op codes 
Addr type op codes 
No C- or D-cy op codes 
No D-cy at I-ring 6 ops 
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Operational 
Branch type op codes 

Control 



1st scan first op codes 

B-cy first op codes 

A-reg to A-ch on B-cycle ops 

Stop at F on B-cycle op codes 

Read out BAR on scan B-cy ops 

Operation (Figure 2. 11-6) 

The operation is executed by a series of B-cycles during which one address loca- 
tion in storage is cleared. Clearing starts with the location that is specified by 
the A-address, and continues leftward (address modifier set to -1) to the nearest 
even-hundreds position. The minus -one condition ON at logic gate D-time defines 
the even-hundreds address. This indicates a borrow- one -from-hundreds position. 
This sets the even-hundreds latch and ends the execute phase. 

When this instruction is given without an address, the contents of the B- address 
register from the previous operation are used as the A-address. In this case the 
A-address register is not loaded at Ins RO time, and is undisturbed at the end of 
the clear storage operation. 

Clear Storage and Branch (/) 

Op-Code Function 

This Op code performs the same operation as / (A) except that the clearing starts 
at the B-address. The location of the next instruction is specified by the I-address. 
This is an unconditional branch . 

Operation (Figure 2. 11-6) 

As described for the Clear Storage operation, Clear Storage and Branch is executed 
by a series of B-cycles. Because the last instruction RO cycle occurs at I-ring 
11 time, however, the branch to AAR latch is set ON. When the even-hundreds 
address is set ON and gated with the branch to AAR latch ON, No Scan Control is 
set and another B-cycle is taken. This causes the next instruction to be taken from 
the address that is specified by the AAR as described in the Branch Operation 
(section 2. 10. 01). 

2. 11. 06 Half ( . ) 

Op- Code Function 

The ( . ) Op code causes the machine to stop, and initiates a stop-print-out opera- 
tion. Pressing the start key causes the program to start at the next instruction in 
sequence. 
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Op- code grouping lines are: 

Instruction Read-out 



Not percent type op codes 

Addr type op codes 

No C or D-cycle op codes 

No D-cy at I-ring 6 ops 

WM, E, Z, W, V, C, Clear or . ops 

Operational 
Branch type op codes 

Control 



A-reg to A-ch on B-cycle ops 
Regen mem on B-cy op codes 
Stop at F on B-cycle op codes 
Read out BAR on scan B-cy ops 

Operation 

The last instruction read-out cycle (determined by the presence of a B-Ch WM bit 
at I-ring 1-time) causes a simultaneous-last-execute cycle. This sets the stop 
latch, stops the logic clock, and initiates a stop-print-out operation. See the sec- 
tion 7. 1. 09 entitled Stop Print-Out . 

Halt and Branch . (I) 

Operation 

At the end of the instruction-read-out cycle, AAR is set with the address in storage 
to which you desire the machine to branch for its next instruction. 

A B-cycle is then initiated during which the IAR reads out to the STAR and 
through the modifier (set to Modify by Zero Condition) to the BAR. The last execute 
cycle stops the logic clock and initiates the stop print-out. 

The Br to AAR latch is set to cause the AAR to read out to STAR for the I-Op 
cycle, during instruction read-out when the start key is pressed. 

2.11.07 No Operation (N) 

Op- Code Function 

The N-Op code performs no operation. It can be substituted for the operation code 
of any instruction to make that instruction ineffective. 

Operation (Figure 6. 2-1) 

During I-Op time, the N-Op from Op Decode prevents I-Ring Advance . This re- 
sults in a succession of I-cycles. The address modifier is set to Plus 1, and 
I-cycle control causes the storage to continue to read out characters until another 
Op code is detected. A B-channel WM causes the next Op code to be set into the 

Op-reg and the instruction read-out continues. 
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3.0.00 INTEGRATED SYNCHRONIZER 



The integrated synchronizer is an input-output controlling device that is capable 
of transferring data between the Central Processing Unit (CPU) and the associated 
input-output equipment. The equipment can consist of the IBM 1402- Z Card Read- 
Punch, and up to six optional serial-data devices such as the IBM 1011 Paper Tape 
Reader. All units operate on the efficient memory-sharing basis. 

Input-output transfers are brought about by using magnetic core-storage units. 
The capacity of each unit is 80 characters. A common addressing scheme is 
shared by all core- storage units. Information is stored in the Binary Coded Deci- 
mal (BCD) form. Each storage position can store any of the 64 valid characters 
represented by combinations of the six possible data bits and the check bit (C, B, 
A, 8, 4, 2, 1). 

Use of the integrated synchronizer results in saving processing time in the 
CPU. For example, on a card-read operation, the CPU continues processing 
while the card is read into the reader storage unit. When the read-in is complete, 
the reader becomes not-busy. This condition signals the CPU that the card infor- 
mation is available for transfer. When processing is stopped to transfer the card 
data, the transfer takes place in a maximum of several milliseconds. This is far 
less time than it would require to transfer directly from the card. 

The same principle holds true for all integrated synchronizer operations, 
whether input or output, parallel or serial. 

In addition to saving CPU time, the integrated synchronizer allows any or all 
units associated with it to run simultaneously. 

3. 1. 00 CARD PUNCH 

The 1410 system executes a card punch command in several steps. First, the 
information to be punched transfers from the CPU core- storage unit to the punch 
storage unit. The CPU reads out in reverse scan, and places the characters in 
the E-data registers. Punch storage accepts the characters and stores them in 
sequence in BCD form. Two rings (units and tens) are used to address the 80 posi- 
tions of punch storage. The 80 positions are labelled 00-79 and cause punching 
into card columns 01-80. Each character is checked for correct odd parity as it 
enters punch storage. 

Once a correct transfer of 80 characters is made, the punch clutch in the 1402 
is energized. This causes a card to feed under the punches face down, 12-edge 
first. Just before the 12-row of the card reaches the punching station, all 80 posi- 
tions of punch storage must be scanned out in order, and decoded to see whether 
any 12 punches are to be punched (Figure 3. 1-1). For each card column that is to 
have a hole punched at this time, the punch magnet that corresponds to that column 
is energized. When the actual punching takes place after the scan, those columns 
are punched for which magnets are energized. After the punching takes place 
the magnets are de-energized as the card continues to feed through the punch feed. 
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Figure 3. 1-1 Punch-Scan Data Flow 
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Figure 3.1-2 Clock Logic 
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Figure 3.1-3 Punch Storage 
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During the lZ-row scan, every position is read out in search of positions to be 
punched with a 1Z. To retain the information in storage so that the rest of the 
card rows can be punched, the information in each position is regenerated. 

Just before the 11-row in the card reaches the punches, another scan of all 
80-punch storage positions is taken in search of those positions that are to have an 
11-hole punched in them. The proper magnets are energized and the 11-row is 
punched. Once again, each position is regenerated after it reads out. The same 
sequence of events takes place for each of the remaining rows in the card. 

Included in the punch storage circuitry is a punch -hole -count check. This check 
is used to determine whether the punch out is correct. The check consists of a 
comparison between the number of holes that should be punched in each column and 
the number of holes actually punched. The comparison requires two sources of 
information. The first source is a bit-generator circuit that determines the num- 
ber of holes to be punched in each column. This information (number of holes) is 
developed while the card is being punched, and is sent to the hole-count check cir- 
cuits where it is stored. During the following card feed cycle, the punched card 
passes under a set of punch check brushes where the actual number of holes that 
are punched is determined. This information also goes to the hole-count check 
circuit for comparison with the information stored there on the previous card feed 
cycle. 

After the check is completed, the card feeds out to one of three stackers that 
is selected by a character in the card-punch instruction word. 

3.1.01 Clock 

All pulses and gates that the integrated synchronizer requires are produced by a 
clock circuit. A free-running, one-megacycle oscillator develops one clock pulse 
every microsecond. This clock pulse drives an eleven-position closed ring. It 
takes eleven pulses or eleven microseconds to advance this ring completely around. 
The eleven microseconds that this requires is defined as a memory cycle (Figure 
3. 1-2). To address and to read a character in or out of a storage position takes 
one memory cycle. 

Timings are expressed as zero through ten time (00. - 10. 0). Note : On ALD's, 
decimals are not shown. 

3. 1. 02 Core Storage (Figure 3. 1-3) 

Punch storage consists of an 80-position, 12-plane, core-storage unit. Seven 
planes store the seven BCD bits for each position. Four planes (upper X, lower 
X, upper Y, and lower Y) are used by the hole-count check circuits. An additional 
plane, the row-bit- storage plane, is an intermediate storage device that transfers 
data between the punch check brushes in the 1402 and the hole-count check circuits. 

There are separate read and write windings that pass through each data core 
(Figure 3. 1-4). The cores in the BCD and check planes are all considered data 
cores. To set (read in) a core, half-write current is passed through each write 
winding. Current through the inhibit winding opposes one of the half-write windings 
to prevent setting the core. 
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Information contained in the cores is lost when the read-out takes place. The 
coincidence of the half-read currents causes the core to flip to the opposite state 
from which it is set with the write currents. When the core flips, a pulse is in- 
duced onto the sense winding. This pulse is amplified and is used to set a latch, 
called the data register. 

The punch-row bit cores (Figure 3. 1-4) are set in a parallel manner. When 
the brush impulse CB makes, the brush-driver transistor causes current to flow 
through the half-write winding that passes through all 80 cores in the row-bit 
plane ( Section 14A, 1402 Wiring Diagram ). This half-write current is not enough 
to flip any core by itself. However, any holes in the card are sensed by the punch 
brushes. This causes current to flow through the six-turn windings of the corre- 
sponding row-bit cores (Figure 3. 1-5). Current through the six-turn windings 
plus the half-write current produces a magnetic field great enough to set any core. 

In addition to the six-turn and half-write windings, there are two read windings 
and a sense winding that read out the row-bit cores. The punch-row bit-read wind- 
ings are impulsed at the same time as the read windings of the punch data planes. 
Therefore, the row-bit cores read out along with the data cores. This row-bit in- 
formation is sent to the hole-count check circuits (Section 3. 4. 04 Hole- Count Check). 

A scan of all 80-storage positions takes place at each cycle point (card row), 
when a card is feeding through the punch feed. As each position is addressed, all 
cores for that position are read out. The row-bit core and hole-count check cores 
are read out for hole-count checking. The data cores are read out for decoding. 

3. 1. 03 Punch-Storage Scanning 

Ring -Addressing Scheme 

The punch-core- storage unit consists of ten rows of 8 positions each, or a total of 
80 positions. When reading in or out of the unit, all 80 positions are scanned 
starting with position 00 and going through 79. 

Two rings, units and tens, are used to address the core-storage unit. The 
units ring consists of ten triggers (0-9). Outputs of the triggers drive ten units 
switches. The units switches select one of ten rows of core positions in one di- 
rection. The tens ring consists of eight triggers (0-7). Outputs of these triggers 
drive eight tens -switches. The tens-switches select one of eight rows of core po- 
sitions in the other direction. Selecting a row in each direction produces one se- 
lected position at the coincidence of the two rows. The selected position can then 
be either read into or read out of, depending on whether the read or write drivers 
are impulsed. 

By controlling the advance of the rings, the desired storage unit is scanned in 
a sequence. The units ring advances at the beginning of every memory cycle 
(Figure 3. 1-6). The tens ring advances at the beginning of the memory cycle that 
follows a units-ring carry. Therefore, the core-storage units are scanned in se- 
quence from position 00 to 79 on successive memory cycles. Notice that each 
memory cycle consists of reset, read, write, and inhibit timings. On each mem- 
ory cycle, the data registers are reset, and a position is addressed, read out, 
and can be written back into. 
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For example, to read out of punch-storage position 16, the tens ring is at 1, 
and the units ring at 6. Impulsing the units and tens read drivers causes current 
to flow through both read windings of position 16. This flips the cores that are 
set (contain bits). The flipped cores induce currents on the sense windings to set 
the proper data-register latches. 

Writing in an addressed position involves blocking inhibit current for the cores 
that are to be set, and allowing the write current to set the cores. 

Punch Priority Controls 

Fourteen complete scans are taken to punch a card. A transfer scan fills the 
storage unit with CPU data. Twelve scans, one for each row in the card, are 
taken to punch the twelve rows in the card. Another scan completes the hole- 
count check. A priority control circuit initiates the necessary scans. 

The common addressing scheme of the integrated synchronizer allows all core- 
storage units to be addressed with the same system of rings, switches, and drivers. 
This means that only one storage unit (punch, reader, etc. ) can be scanned at one 
time. Because more than one I/O unit can be in motion at one time, it is possible 
for the priority control circuit to receive scan requests from several units simul- 
taneously. When several units request a scan at the same time, the priority con- 
trol circuit grants the request of the highest priority unit first. A scan request is 
not granted unless there are no other scans in progress, and unless there are no 
scan requests with higher priority. 

When a punch scan or a punch -transfer scan is requested, the priority condi- 
tions must be met before the scan is initiated (Figure 3. 1-7). A punch scan is 
requested whenever a card row is in position to be punched, or when you want to 
transfer a record from the CPU to punch storage. The thirteen scans that are re- 
quired to punch and to check a card are requested by a punch scan CB in the 1402. 
When transferring from CPU to punch storage, the CPU requests the punch scan 
(Figure 3. 1-8). 

3. 1. 04 Punch Decode and Punch Matrix 

Information that is stored in the punch- storage unit in preparation for card punch- 
ing is in BCD form. To punch the information, a punch-decode circuit translates 
the BCD characters into the IBM card code. A punch emitter signals the decode 
circuitry at punch-index time so that the punches are set up at the correct time. 

For example-, when the emitter signals that the punch-feed index is at 12 time, 
positions containing an A-bit and a B-bit energize corresponding punch magnets. 

Punch decoding takes place during each memory cycle as a character is read 
out of a punch-storage position. The resultant decoded information is sent to the 
punch matrix where the proper magnet is selected and energized. 

The matrix is arranged so that as each core- storage position (00-79) is ad- 
dressed, the corresponding punch magnet (1-80) is selected. Decode circuitry 
determines whether the punch magnet is energized. 
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Figure 3. 1-7 Card Punch Priority Control 
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3. 1. 05 Punch-Move or Load Op Code 
Op Code Function (O XXX BBBBB d) 

A punch-move or load Op code causes an 80-character record to be transferred 
from the CPU core- storage unit to punch storage in the integrated synchronizer. 
If the transfer is made correctly, the punch is set in motion, and the 80-character 
record in punch storage is punched in a card. 

Word marks cannot be handled as such by the card punch because the word 
mark is not a character. It is a bit that is added over a character in storage. The 
punch-move Op code transfers data only, and disregards any word marks. The 
punch-load Op code permits the combination of characters and their associated 
word marks to be recorded in the punched card. A word mark is punched as a 
word-separator character in the column to the left of the character that accom- 
panies the word mark in storage. A word- separator character in storage is 
punched as two successive word- separator characters. 

Status Indicators 

The punch status can prevent the punch command from being executed. For ex- 
ample: the stacker may be full; there may have been an error on the last card 
punched; or there may be a punch jam. If this sort of situation occurs, it is good 
to release the CPU for other operations. To do this, the input-output channel uses 
six status -indicator latches. The indicators are set to define the status of the ad- 
dressed I/O unit and are program-testable. These indicators are: Not Ready , 
Busy, Data Check , Condition, Wrong -Length Record , and No TransfeT ' 

When the Op code is read out and the card punch is addressed, the I/O channel- 
status indicators are set with the status of the card punch. If the punch status is 
such that the punch command can be executed, no indicators are set and the trans- 
fer of data to punch storage occurs. Any indicator that is ON at this time prevents 
the data transfer. If an error occurs during the transfer, an indicator is set and 
the card is not punched. 

In either case, any indicator that is set remains ON to indicate to the stored 
program that the card is not punched. For a more detailed description of the con- 
ditions that set the status indicators, refer to the IBM 1410 Data Processing Sys- 
tem Reference Manual , A24-1407. 

After the punch command is given, the status indicators for the I/O channel 
must be tested before that channel can be used again. The Op code for testing the 
status indicators on the channel that is associated with the card punch is RI £ 

Operation (Figure 3. 1-9) 

Instruction read- out places the instruction word characters in various registers 
to control the execution of the card punch Op code. 



At I-Op time, the Op code character is read out and placed into the Op registe 
If the character is an M, it specifies the move mode, and word marks in the data 



r. 
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Figure 3.1-9A Punch Card Logic Flow 



Figure 3. 1-9B Punch Card Logic Flow 
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record are disregarded. An L Op code specifies the load mode so that word marks 
can be translated to word separators and sent to punch storage. 

All data or control characters transfer to punch storage via the E-channel. The 
E-channel is one of two possible I/O channels available on the 1410 system. At 
11-13 time, the hundreds position of the X-control field reads out and is placed 
into the I/O channel- select register to specify an overlapped or unoverlapped op- 
eration. Because the card punch is assigned to the E-channel, this character can 
be either a % for unoverlap or a @ for overlap. Also at 13 time, an I/O interlock 
check is made to insure that the E-channel-status indicators have been tested by 
the program since the last E-channel I/O command. If the program failed to test 
the indicators, the I/O interlock results in a master error that stops the CPU. 

The tens position of the X-control field is the unit-select character, and is a 4 
so that the card punch is selected. Because the E-channel is selected at 13 time, 
the unit-select character (read out at 14 time) is placed in the E-channel unit- 
select register. The 4 in the unit-select register addresses the card punch and 
gates the punch status to the CPU, in preparation for setting the status indicators 
later in I phase. 

At 15 time, the unit-number character is read out and placed into the E-channel- 
unit number register. At the same time, the character transfers over the E- 
channel to the punch-storage circuitry to select the stacker for the card at the 
check station. At 15 time, the unit-number character is set into the El data regis- 
ter. From the El data register, the stacker-select character transfers to the E2 
data register where it becomes available to the punch-storage circuitry. Decoding 
the character in the punch-storage circuitry causes the proper stacker-select latch 
to set and subsequently the proper -stacker magnet to energize. 

At 16 through 110, the address of the high-order position of the record to be 
punched reads out and is placed either in the B- and D-address registers for an 
unoverlapped command, or in the B-, D-, and E-address registers for an over- 
lapped command. The B-address register is used to scan the storage output field 
on an unoverlapped transfer. The E-address register is used to scan the storage 
output field. 

The Op modifier character reads out at 111 time and is set into the Op modifier 
register. For the punch Op code, the Op modifier character is a W to specify a 
write, or output operation. 

The CPU normally takes another I-cycle to search for the word mark in the 
next position. During this last instruction read-out cycle, a status sample A-pulse 
develops to set the appropriate status indicators with the status of the punch. Be- 
cause the punch is not ready, or busy ; or because there is an error on the card 
before the previous card, the CPU sets the E- Channel Not Ready , E- Channel Busy , 
and E- Channel Condition status indicators, respectively. If any of these indicators 
are set at this time, the CPU does not execute the instruction. Instead, it reads 
out the next instruction in sequence. The punch-error circuit is reset following 
the status sample A-pulse, because a punch error is now stored in the E-channel- 
condition status indicator. If no indicators are set at status sample A-time, it 
means that the punch can execute the punch command. 
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The CPU then goes into execute phase. If the command is overlapped, the EAR 
is read out and set into the STAR. An E-cycle is taken to read out a character. 
The character is gated from the B-data register, through assembly, and to the 
input- output registers. The I/O channel that is used to transfer data to punch 
storage is terminated by two single-character registers called the El and E2 data 
registers. Two registers are necessary to synchronize the CPU and the I/O unit, 
and to allow word marks to translate to word separators, when the machine is in 
the load mode. 

Once a character reads out and is gated to the input of the El register, a 
Set El Reg pulse develops to set the character into the El register. A trigger con- 
trolled by collector pull-over develops the required set pulse. This type of cir- 
cuit is used frequently in I/O operations to allow a pulse from an I/O unit to control 
a CPU function. 

For an output operation, the Set El Reg pulse occurs at the first clock pulse of 
logic gate G (Figure 3. 1-10). The trigger is normally held OFF by collector pull- 
over, and the first and second clock pulses at the trigger inputs have no effect. 
Logic gate F and the output cycle are switched to remove the trigger collector pull- 
over. Due to circuit delays, the trigger cannot flip until it receives the first clock 
pulse of logic gate G. The trigger ON output feeds back to block the collector pull- 
over line, which would otherwise rise with the fall of logic gate A. When the second 
clock pulse flips the trigger OFF, the collector pull-over line holds the trigger in 
the off status. The resultant pulse is one clock pulse in length occurring at logic 
gate G. 

The E-data registers for a 2-bit are shown on Figure 3. 1-11. Notice that there 
is no direct resetting of these registers. Instead, each register is set by the pres- 
ence of a bit at the input, and reset by the presence of the not-bit. 

There are four controls to transfer data from the El to the E2 register. The 
functions of the transfer control are: 

1. Copy El BCD to E2 Reg . This line gates the El BCD bits (B, A, 8, 4, 2, 1) to 
the input of the E2 register. 

2. Set E2 Word Separator . This line generates a word-separator character (C, A, 
8, 4, 1) in the E2 register. 

3. Copy El WM • C-Bit. This control gates the El register WM and C-bits to the 
input of the E2 register. 

4. Copy Inv WM • C-Bit . This line inverts the El register WM and C-bits, and 
gates them to the input of the E2 register. 

If E2 is not full, it is filled (set) with the El data according to the controls that 
are set up. The transfer controls are set up by the word- separator control circuit. 
With E2 register full, a signal is sent to punch storage to request a transfer scan. 
When priority grants the scan request, punch storage begins taking memory cycles 
to scan the punch-storage unit, one position at a time. During each memory cycle, 
the character in the E2 register is set into the addressed position of punch storage, 
and a strobe pulse is sent back to the CPU to indicate that the character was stored. 
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This strobe causes the character in El to transfer to E2. The CPU is then sig- 
nalled to take another E-cycle in order to place a new character into El. 

This sequence of events repeats until the punch- storage End of Scan trigger 
signals that all storage positions are scanned. The transfer terminates, and a 
status sample B-pulse develops to set the E-channel wrong-length record and 
data- check -status indicators, in case the transfer was incorrect. An error during 
the transfer prevents the punch clutch from energizing. If no errors occur during 
transfer, the punch clutch energizes, and the record is punched into the card. In 
either case (error or no-error), the CPU is released to continue processing. 

Circuits 

Common Op-code grouping lines are: 

Percent type op codes 

Not addr dbl op codes 

2 addr plus mod op codes 

2 address op codes 

No index on 1st addr ops 

No branch op codes 

M or Lop codes 

1. Gate the unit-number character to punch the stack- select latches. 

Signal Control Logic 

Sw B-ch to A- reg I-cycle 15. 38. 01 

Logic gate D 
2nd clock pulse 3 

UseA-chnu I-cycle 15.49.03 

Use A-ch zones I-cycle 15.49.03 

(not) 1401 • I-ring 5 or 10 Time 
•I-cycle 

Use A-ch WM I-cycle 15. 49. 02 

Set El reg Logic gate A 15. 62. 04 

I-ring 5 time 
I-cycle 1 
M or L op codes 
E-Ch sel unit 4 
Percent or coml at 

Set E2 El reg full 15. 62. 04 

(not) E2 reg full 

Mod stk sel (not) 1401 mode 51. 40. 43 

CPU to I/O trans 
Select unit 4 
Strobe latch (off) 
Time 100-000 
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Signal 

Pch stk sel 

Stack latch (on) 



Control 

Mod stk sel 

Pch stk sel 
CPU to I/O bit 



Logic 
51.40.50 
5 2. 13.01 



2. Set E- Channel Not Ready , E- Channel Busy , and/or E-Channel . Condition 
status indicators according to the status of the card punch. 



Signal 

Pch not ready to drive 

(not)pch ready 
(not) buffer ready 

E-ch sel any buffer 
(not) E-ch ready bus 

E-ch status sample A 



E-ch not ready 

Pch busy 
Buffer busy 

E-ch busy bus 

E-ch busy 

Pch error 



Control Logic 

(punch jam) 52. 11. 01 

(punch off line) 
(punch power off) 
(punch stop) 

Pch not ready to drive 52. 11. 02 

(not) pch ready 51.40.18 

Select unit 4 

Select unit 4 13.60.03 

E-ch sel any buffer 12. 62. 01 

(not) Buffer ready 

M or L op codes 13.65.06 

I -ring 12 time 

(not) E-ch select unit F 

I -cycle 

Percent or coml at 

(not) file op 

Logic gate D 

(not) 1401 mode 

E-ch status sample A 12. 62. 01 

(not) E-ch ready bus 

(Punch clutch energized) 51. 40. 19 

Pch busy 51.40.19 

Select unit 4 

Buffer busy 12.62.02 

E-ch sel any buffer 

E-ch busy bus 12. 62. 02 

E-ch ready bus 
E-ch status sample A 

(hole count error, previous card 52. 12.02 

feed cycle) 

or 
(clock error, previous card feed cycle) 

or 
(ring error, previous card feed cycle) 

or 
(parity error, previous card feed cycle) 
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Control Logic 

Pch error 51.40.20 

Select unit 4 

Select unit 4 13.60.03 

Buffer condition 12. 62. 03 

E-ch sel any buffer 

E-ch condition bus 1 2. 62. 04 

E-ch status sample A 

(not) File op 

(not) E-ch select tape data 

E-ch ready bus 

(not) E-ch busy bus 

3. If any indicator is set at status sample A-time, go on to the next instruction 
in sequence. 



Signal 

Buffer conditions 

E-ch sel any buffer 
E-ch condition bus 

E-ch condition 



Signal 

E-ch correct length 
record 



Control 

Set E-ch condition 

(or) 
Set E-ch busy 

(or) 
Set E-ch not ready 



E-ch any status (on) E-ch correct length record 

Last execute cycle I/O E-ch any status (on) 
I/O percent latch 
Last insn RO cycle 
(not) File op 

Last execute cycle Last execute cycle I/O 

4. If the condition latch is on, reset the punch error. 

Signal 



E-ch status sample 
A -de lay 



Reset select buffer 
latches 



Reset CPU 
Pch error reset 

Pch check 2 (off) 



Control 

Logic gate E 

B-ch WM 

M or L op codes 

I -ring 12 time 

(not) E-ch select unit F 

Percent or coml at 

I-cycle 

E-ch condition 

E-ch select any buffer 

E-ch status sample A-delay 

Reset select buffer latches 

Reset CPU 
Select unit 4 

Pch error reset 



Loais. 

13.63.03 



13.72.05 
13.65.07 

12. 12.51 

Logic 
13.65.06 



13.70.04 

51.40.06 
52. 12.01 

52. 12.02 
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5. If no status indicators are on, request an E-cycle. 

Si 9 nal Control Logic 

E-cycle required E-ch output mode 12. 12. 62 

(not) E-ch int end -of -transfer 
(not) El reg full 
(not) E-cycle any last gate 
E-ch in process 

E-cycle control E-cycle required 12.12.66 

2nd clock pulse 
Logic gate Z 

(not) E-ch int end-of-transfer 
(not) F-cycle required 

6. Start the appropriate logic clock and transfer the contents of the proper address 
register to STAR. 

a. If the instruction is unoverlapped, start the normal logic clock (A-K) and 
read out BAR. 



Signal Control 



Logic 



(Start logic clock) E-cycle required 11.10.10 

E-ch unovlp-in-process 

RO BAR E-cy unovlp-in-process 14.71.31 

E-cycle Ctrl 

(not) Console inhibit AR RO 
(not) 1st I/O cycle control 
(not) E-ch 2nd addr unovlp 

b. If the instruction is overlapped, start the logic-clock extension ring (R-Y) 
and read out EAR. 



Signal Control 



Logic 



(Start logic-extension E-cycle required 11.10.20 

clock) E-ch overlap-in-process 

RO EAR E-cycle Ctrl 14. 71. 35 

E-ch ovlp-in-process 
(not) Console inhibit AR RO 

7. Take an E-cycle to read out the addressed character. 

Signal Control Logic 

E-Cycle E-cycle Ctrl 12.12.66 

Logic gate B or S 

8. Gate B-channel character to El input. 
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Signal 
Output cycle 

Output-field cycle 

Use B-ch nu 



Control 

E-ch output mode 
E-cycle 

E-cycle 

(not) E-ch select unit 2 

Output cycle 
Output -fie Id cycle 



E-ch select odd parity unit E-ch select unit 4 
Odd parity cycle 



Use B-ch zones 



E-cycle 

E-ch select odd parity unit 

Output cycle 
Output -fie Id cycle 
Odd parity cycle 



Loc 


|ic 




13. 


60. 


06 


15. 


49. 


04 


15. 


49. 


05 


13. 


60. 


03 


13. 


60. 


02 


15. 


,49. 


.05 



15. 62. 07 



Gate Asm ch to El input E-ch output mode 

(not) Control reg disable 
(not) 1401 B-op code 

9. If the B-channel character is a group-mark with a word-mark, end the in- 
ternal transfer. 



Signal 



Control 



B-ch group mark • WM B-ch 1 • 2 ■ 4 • 8 • A ■ B • WM 

E-ch end-of-record latch E-cycle 

B-cy GM • WM 

Logic gate F 

W symbol op modifier 

(not) 1401 cd -print-in-process 

or 
E-cycle 
B-ch GM WM 
Logic gate W 

E-ch int end-of -transfer (same as E-ch end-of-record) 



Logic 
15. 41. 07 
13.63.01 



13.63.01 



10. Set El data register. If the instruction is given in the load mode, analyze the 
El input for a word mark or word-separator character, and set up controls 
for El to E2 transfer. 

Signal 
Set El 



Control 


Logic 


E-cycle 


15. 62. 04 


E-ch output mode 




(not) E-ch 1st char 2nd addr 




B-ch not group mark • WM 




Logic gate F or W 





E-ch select 7-bit unit 



E-ch select unit 4 



13.60.03 



156 



Signal Control Logic 

E-ch word -separator mode E-ch select 7-bit unit 15.62.02 

E-ch load mode 

E-ch word separator El input C-B-4-2-1-A- B-bits 15. 41. 01 

El input WM bit Assembly ch WM bit 15. 60. 08 

Gate asm ch to El input 

El reg word-separator E-ch word separator 15. 41. u 

Iatch(on) E-ch word separator mode 

Set El 
or 
El input WM bit 
E-ch word-separator mode 
Set El 



El reg not word separator (same as El reg word separator 15. 41. 11 

latch on) 



El reg full Set El 



15. 41. 10 



E2 reg word separator E-ch output mode 15. 41. n 

latch(off) Set El reg 

E2 reg not word separator E-ch output mode 15. 41, 12 

latch(on) Set El reg 

11. Transfer El to E2. If the instruction is given in a move mode, set E2 with 
El BCD. 



Signal Control Logic 

E-ch reset I-ring 4 time 15. 41. 12 

Percent or coml at 
Logic gate C 

El reg not word separator E-ch reset 15.41.11 

E2 reg full latch (off) E-ch reset 15. 41, 10 

Set E2 reg El reg full latch (on) 15. 62. 04 

E2 reg full latch (off) 

E2 reg full latch (on) E-ch output mode 15. 41. 10 

Set E2 reg 

El reg full latch (off) El reg not word separator 15. 41. 10 

Set E2 reg 
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12. 



Notes: When the El reg full latch is turned OFF, the E-cycle-required line 
is brought up to cause another character to read out and to be gated to the El 
register. 

Transfer El to E2. If the instruction is given in the load mode, and the El 
reg not word separator latch is ON, copy El BCD to E2. 

Control 



Signal 

El reg not word separator E-ch not word separator 

(not) El WM bit 

Set El reg 

El reg not word separator 



Copy El BCD to E2 
E2 reg full latch (on) 

El reg full latch (off) 



E-ch output mode 
Set E2 reg 

El reg not word separator 
Set E2 reg 



Logic 
15.41. 11 



15. 62. 06 
15.41. 10 

15.41. 10 



13. 



Transfer El to E2. If the instruction is given in the load mode, if E2 reg not 
word- separator latch is on, and if El reg word- separator latch is on, set the 
E2 reg word- separator character. 



Signal 

Set E2 word separator 



Set E2 reg delayed 



Control 

Set E2 reg 

(not) Gate console to assembly 

El reg word separator 

(not) E2 reg word separator 

Set E2 reg 



Logic 
15.62.06 



15. 62. 04 



14. Transfer El to E2. If the instruction is given in the load mode and E2 reg 
word- separator latch is on, copy El BCD to E2. 



Signal 

Copy El BCD to E2 



Control 



E2 reg word -separator latch(on) 
15. Request a punch- transfer scan. 



Signal 

Ready to buffer 

Ready 

AC set pch trans reg trig 



Control 

E-ch-in -process 
E-ch select any buffer 
E2 reg full 

Ready to buffer 

Pch ready 

Ready 

(not) Pch busy 



Select unit 4 

AC set pch trans req trig 



Logic 
15. 62. 06 

Logic 
13. 70. 04 

51.40.04 
52. 10. 14 

52. 10. 15 



Pch trans req 
16. Write the E2 character into addressed punch- storage position. 
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Signal 

CPU to I/O sync bit 

CPU to I/O bit 

Inn gate bit 

Write pulse 

17. Set the strobe trigger. 
Signal 
Trans scan 
Strobe latch 

CPU to I/O trans 
Buffer strobe 

E-ch strobe trigger 
Reset E2 full latch 

E2 reg full latch (off) 
E-ch strobe trigger (off) 



Control 

E2 reg bit 

CPU to I/O sync bit 

CPU to I/O bit 

070-100 

Control 

Pch trans scan 

Trans scan 
Time 020-030 

Pch trans scan 

Strobe latch 
CPU to I/O trans 
Time 100-000 

Buffer strobe 

E-ch select any buffer 

E2 reg full 

E-ch strobe trigger 

E-ch output mode 

Reset E2 full latch 

Reset E2 full latch 
E-ch output mode 



Logic 

1S.60. 31-34 
51. 40. 10 
51. 16.03 
51. 30.05 



Loqic 




51. 


40. 


40 


51. 


40. 


43 


51. 


40.40 


51. 


40. 


43 



15. 62. 03 
15. 62. 65 

15.41. 10 
15.62.03 



18. After 80 memory cycles, stop scanning the punch storage unit, and end the 
external transfer. 



Signal 

End -of -scan 



Control 

Tens -ring AC Set 
Tens-ring 7 



End-of -transfer 1 latch (on) Trans scan 

End-of -transfer 2 latch (on) End -of -transfer 1 latch (on) 

Trans scan (off) 
Time 090-100 



End -of -transfer 



End-of -transfer 2 latch (on) 



Loqic 
51.32.01 

51.40.12 
51.40. 12 

51.40. 12 



19. Test for wrong-length record and/or for data check. Set the appropriate 
E-channel status indicators. 
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Signal 


Control 


Logic 


E-ch int end-of-trf 


E-ch int end-of -transfer 


13.65.05 


delayed 


Logic gate Z 




E-ch status sample B 


E-ch int end-of-trf delayed 
Logic gate Z 
E-ch ext end-of-transfer 
(not) 2nd clock pulse 


13.65.05 


E-ch wrong-length 


E-ch status sample B 


13.63.03 


record 


E2 reg full 





E-ch correct-length 
record 



Error 



Pch transfer error 



or 
(not) E-ch end -of -record latch 

or 
E-ch strobe trigger 

E -ch status sample B 

E-ch end-of -record latch 

(not) El reg full 

(not) E2 reg full 

(not) E-ch strobe trigger 

Pwrd clock error 

or 
Parity 

or 
Ring error to error latch 

Error 
Pch scan 
Pch trans req 



13.63.03 



52.12.01 



52. 12.01 



Buffer error 



Pch transfer error 
Select unit 4 



51.40.21 



E-ch check bus 



E-ch check 



Buffer error 

E-ch select any buffer 

E-ch check bus 
E-ch status sample B 



12.62.03 



12.62.04 



20. If instruction is unoverlapped, initiate the last execute cycle. 



Signal 

Last execute cycle I/O 

Last execute cycle 



Control Logic 

E-ch unovlp-in-process 13. 65. 07 

(not) 1401 card or print op code 
E-ch status sample B 

Last execute cycle I/O 12.12.51 



21. If no indicators are set, start the punch operation. 



160 



Siqnal 


Control 


Logic 


E-ch second sample B 


E-ch status sample B 
(not) 2nd clock pulse 


13.65.05 


Correct trans to buffer 


E-ch correct-length record 
(not) E-ch check 
E-ch select any buffer 
E-ch second sample B 


13.70.04 


Go 


Correct trans to buffer 


51.40.04 


Punch feed gate 


Go 

Select unit 4 


52.10.14 



22. Reset the punch-transfer error latch (if on). 



Signal 



Control 



Reset select buffer latches E-ch sel any buffer 

E-ch second sample B 



Reset CPU 



Reset select buffer latches 



Pch transfer error (off) Reset CPU 

Select unit 4 



Logic 




13.70. 


04 


51.40. 


06 


52. 12. 


01 



23. Reset the overlap or unoverlap-in-process latches. 



Signal 

E-ch status sample 
B -de lay 

E-ch overlap-in- 
process (off) 

E-chunovlap-in- 
process (off) 

3. 2. 00 CARD READER 



Control 

E-ch second sample B 
(not) 2nd clock pulse 

E-ch status sample B-delay 



E-ch status sample B-delay 



Logic 
13.65.05 

13.60.04 

13. 60. 04 



When the 1402 reader start key is pressed, the reader clutch energizes and cards 
feed into the read feed. As the first card passes under the first set of read brushes, 
the card is read and the information transfers to the hole-count check circuits. At 
the next set of read brushes, the card is read again. This time, the information 
is encoded to BCD form, and is placed in the read core-storage unit; in addition, 
it is sent to the hole-count check circuits (Figure 3. 2-1). When the cards are run 
in, and when the first card in is completely checked, the information in reader 
storage can be transferred to the CPU. 

To execute the card read command, the CPU transfers the record from reader 
storage to some specified CPU core-storage location. When the transfer is complete, 
the reader clutch can be energized to cause the next card to read in and be checked. 
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Figure 3.2-1 Card Read-In Data Flow 
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Figure 3.2-2 Common Addressing Scheme 
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3. 2. 01 Core Storage 

The reader core-storage unit is similar to the punch-core storage unit. Reader 
storage has one additional row-bit core plane, because the reader has two sets of 
read brushes whereas the card punch has only one set. 

The units and tens rings, units and tens switches, and units drivers that ad- 
dress punch storage also address reader storage (Figure 3. 2-2). The units ring 
and switches select one of ten rows of cores in one direction, while the tens ring 
and switches are selecting one of eight rows of cores in the other direction. The 
coincidence of the two lines selects the same relative position in each storage unit 
(reader-punch). The units -read, or the. units -write driver, is impulsed to cause 
current to flow through either the units-read or units-write winding. By impulsing 
the proper tens driver (read or write, reader or punch) the desired core is either 
read into or read out. 

The read windings pass through all 13 planes. This means that each time a 
position is addressed to read out, all 13 cores for that position read out. The 
write windings pass through all planes except the row-bit planes. The reader row- 
bit planes are set by the coincidence of a half-write winding, and a six-turn winding 
that is connected to each read brush. 

3. 2. 02 Read-Storage Scanning and Priority Controls 

Reader storage is scanned the same as punch storage. That is, once a scan starts, 
the units and tens rings advance so that the 80 positions are addressed in sequence. 

A scan of reader storage is requested after a card row reads into the row-bit 
storage. When it is desired.a scan can be requested in order to transfer the reader 
storage contents to the CPU (Figure 3. 2-3). Two priority conditions must be met 
before a scan request can be granted. 

1. There must be no scan in progress. 

2. There must be no higher priority scan request. 

The impulses from the reader circuit breakers (CB's) signal that a read scan is 
to be requested. A read transfer scan is requested by the CPU. Either condition 
develops a read priority gate (Figure 3. 2-4). Read scan timing is shown in Figure 

3. 2-5. 

The read scan request is never initiated until all higher-priority scan requests 
are satisfied. Under certain conditions, it is possible for the reader impulse CB's 
to make and to develop a brush impulse before the previous read scan is complete. 
Under these conditions, if the brushes were to be driven as soon as the brush im- 
pulse CB's make, new row-bit data would read in on top of the old. 

To prevent this overlapping of the scan and of the succeeding brush impulse, 
the brush impulse CB switches through the priority controls to insure that preceding 
scan is complete before it supplies another brush impulse (Figure 3. 2-4). Note 
that the read request trigger must be OFF due to an end-of-read-scan condition be- 
fore the brush single shot can be impulsed. This produces a sliding brush impulse 
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Figure 3.2-3 Card Reader Priority Controls 
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that is delayed, if necessary, until the previous read scan is complete. The brush 
impulse is developed by the 250 jus single shot. The 75 us single shot delays the 
start of the scan until the brush-drive transistor has time to turn off. 

3. 2. 03 Read Encode 



Information that is read from Read Two-Row Bit-Storage feeds to the read encoder 
where it converts from card-row form to BCD form. This BCD information reads 
into the data planes of read storage. At the end of the card feed cycle, it becomes 
available to the CPU. Because of alphamerical or special characters, more than 
one hole can be read in any column. Therefore, provision must be made to com- 
bine the bits of all punched holes into a valid character. As each card column of 
each cycle point is coded, it is combined with data bits already in that position of 
storage from a previous cycle point. The result is a bit representation of all 
punches that are read in a particular column. 

Information from the Read Two-Row Bit-Storage data register can represent 
any character. This information is referred to as Bit X information. An encode 
signal that is developed by a read request and read scan, combines with Bit X to 
produce an Encode Bit X signal. This signal activates the read encode circuits. 

The read encode process takes place on every memory cycle; that is, 80 times 
for each read scan. This allows the machine to encode every one of the 960 possi- 
ble punched-holes in an IBM card. 

The read encode circuits are on Logics 51. 12. 02; 51. 12. 03; 51. 12. 04. Refer 
to these pages, and to the Reader CB Timing Chart ( 1402-2 Wiring Diagram) . A 
discussion of the development of a representative character follows. 

Assume that a 3 punch is read in the card. At reader 9 time, a C-bit is in- 
serted (Logic 51. 12. 04). This is necessary, because an odd-bit count must be 
maintained for every character in storage, even if the character is not completed. 
On the corresponding memory cycle of each successive read scan through 4, this 
C-bit is regenerated. At reader 3 time, CB1 and CB2 combine with Bit X (Logic 
51. 12. 03) to produce Read Encode Out 1-Bit and Read Encode Out 2-Bit. Notice 
that CB-C is made whenever two bits are encoded simultaneously, because the 
addition of an even number of bits requires that the C-bit be reinserted. 

At 2-through-12 time of the reader, no more holes are read. Therefore, the 
C-bit is reinserted at each cycle point. At the end of read scan 12 (the end of the 
reading of the card), reader storage contains a 2-bit, a 1-bit, and a C-bit. This 
is the correct BCD coding for the 3 punch in a card. 



3. 2. 04 Stacker Select and Feed Op Code 

Op Code Function (Od) 

The K Op code causes the card reader to take a card-feed cycle, to read and to 
check the cards that are passing under the read brushes, and to select the previous 
card into one of the read stackers. 
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Op Modifier Function 

The 1, 2, and 8-bits of the Op modifier character determine which read stacker is 
selected. A 1-bit selects the 1-stacker; a 2-bit selects the 2-stacker; and an 8 and 
2-bit combination selects the normal read (N/R) stacker. 

Operation (Figure 3. 2-6) 

At I-Op time, the K reads out and is placed in the Op register where it is decoded 
in order to bring up the common Op-code grouping lines. If the E-channel status 
indicators have not been program tested since the last I/O command on the E- 
channel, an I/O interlock check stops the CPU. 

The K-Op code forces a 1 in the E-channel-unit select register to address the 
card reader. Select unit 1 gates reader status to the E-channel- status indicators. 
The Op modifier character that is read out at II time is gated to the A-channel, 
through assembly, to the E-data registers, and out to the reader-storage circuitry. 

Status sample A occurs at 12 (last instruction- read-out cycle) to set the status 
indicators according to the reader status. If the reader is not ready, the E-channel 
not ready latch sets. If the reader is busy, the E-channel busy latch sets. Failure 
to transfer the reader-storage contents since the last feed command, sets the E- 
channel no transfer latch. If any indicators are set at this time, the command is 
not executed. However, if no indicators are set, the stack- select character is 
gated to the proper stack- select latch. The reader clutch then energizes, and the 
stack- select latch energizes the proper select magnet. With the read clutch ener- 
gized, the impulse CB's RL-5, RL-6, RL-7, and RL-8, request a read scan for 
each of the twelve rows in the card. The twelve read scans transfer and encode 
the 80 columns of card information to read storage. 

Circuits (Figure 3. 2-7) 

Common Op-code grouping lines are: 

No branch 

Op mod to A-ch on B -cycle ops 

Reg en mem on B- cycle ops 

Not- address double 

2 char only op codes 

1. Read out the Op code, and develop the stacker-select signal. 

Signal Control Logic 

Set Op re g Logic gate E 12.13.04 

B ch WM bit 2 
I-ring op time 
I-cycle 
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c 



Kd Op Code 



Set K in Op Reg 
13.16.01-03 



3 



No 



CH 



RI GM Given Since 1 
Last E Channel 
I/O Command 
15.62.02 



Yes 



Set I/O Interlock 
18.14.11 



On 1415 



' Ext Indicators must 
have been Tested by 
Program After Last E 

■ Channel I/O Command 



Reset E Channel Control 

and Indicator Latches 

15.41.12 



Select I/O Unit 1 
13.50.03 



Set Op Mod Ch in A 
Data Reg 15.39.01-08 



Gt A Ch Char 
(Op Mod) to E2 Reg 



Gt Rdr Status to CPU 



Set E Ch Not Ready Latch 



< 



Yes / \ No 

Reader Not Ready 



Set E Ch Busy Latch 



< 



Yes / D j B \ No 

Reader Busy 



Jt 



Transfer of Data Since 
Last Feed Command 



Set E Ch No Transfer Latch 

1 



< 




Yes / E Ch Not Rdy E Ch \ No 

Busy E Ch No Transfer 



Read Out Next Insn 




{Status Indicators \ 
Tested Before J 

Operation Is Started J 



Read Out Next Insn 



Energize Rd Clutch and 
Stacter Select Magnet 



Set Row Bit Cores 
Each Cycle Point 



Scan Rd Storage 
Each Cycle Point 



**"*•*. ^ / Read Scans and Brush \ 

_ "^i Impulses Initiated J 

^~-"~ \ by Impulse CB's / 



Figure 3.2-6 Kd Op Code 
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Signal 

Stacker sel op code 

Stack select to buffer 



Control 

Op dcdr B not A not 8B 

Op reg com C-bit 

Op dcdr not 4 -2 "not IB 

Stacker sel op code 



Logic 
13. 13.08 

13.70.04 



2. Test for I/O interlock (move and load latches should have been reset by RIf 
command). 



Signal 

(not) E-ch interlock 



Control 



Logic 



(E-ch move, load latches not set) 15. 62. 02 

(not) I/O interlock check (not) E-ch interlock 18.14.11 

3. Reset the E-channel control and the status -indicator latches. 



Signal 

F or K E-ch reset 

E-ch reset 

4. Select unit 1 (card reader). 

Signal 

E-ch U sel reg 1-bit 

E-ch sel unit 1 



Control 

Logic gate C 
I -ring 1 time 
2 char only op codes 

F or K E-ch reset 



Control 

I-ring 1 + 1401 and 3 time 
Logic gate D 
Stacker sel op code 

E-ch U sel reg 1-bit 
E-ch U sel reg not 
(C-B- A- 8- 4 -2) bits 



5. Set the Op modifier character in the A-data register. 



Signal 

Sw B-ch to A-reg 

6. Set the E-move mode. 

Signal 

E-ch move mode 



Control 

I -cycle 
Logic gate D 
2nd clock pulse 



Control 

Last insn RO cycle 
2 char only op codes 
Logic gate E 



Logic 
15.41. 12 

15.41. 12 

Logic 
15.55.09 

13.50.03 



Logic 
15. 38. 01 



Logic 
15. 62. 02 



7. Gate A-channel character (Op modifier) to E2 register. 
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Signal 

A-ch bit 

Use A-ch num 

Use A-ch zones 

Asm ch bit 

Gate asm ch to El input 

Set El reg 



Control 


Logic 


Sw B-ch to A-reg 


15. 39.01 


1 -cycle 


15. 49. 03 


(not) 1401 I-ring 5 + 10 time • I- 




cycle 





El reg full 



I-cycle 

(not) 1401 I-ring 5+10 time ■ I - 
cycle 

Use A-ch num 
Use A-ch zones 

I-cycle notCR disable 
(not) E-ch-in-process 
(not) 1401 B-op code 

2 char only op codes 
A-cy not WM bit 
Logic gate A 
I-cycle 

Set El reg 



(not) El reg word separator E-ch reset 

Copy El BCD to D2 (not) El reg word separator 

Set E2 reg El reg full 

(not) E2 reg full 

E-ch bit Set E2 reg 

8. Gate the reader status to the CPU. 



Signal 
Reader busy 
Buffer busy 

Buffer ready 

Buffer no transfer cond 



Control 

(Reader in use ) 

Reader busy 
Select unit 1 

Rd ready to CPU 
Select unit 1 

Multi Rd Feed Latch (on) 
Stacker select 



15. 49. 03 

15.50.01-10 
15. 62. 07 

15. 62. 04 

15.41. 10 
15.41. 11 
15. 62. 06 
15.62.04 

15.60.31-34 

Logic 
52.10.08 
51.40. 19 

51.40. 18 

5 2. 10. 08 



9. Set the E-channel status indicators according to unit 1 (card reader) conditions. 

Signal Control Logic 



E-ch status sample A 



(not) File op 

1 -cycle 
I-ring 2 time 

2 char only op codes 
Logic gate D 



13.65.06 
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Signal Control Logic 

E-ch not ready (not) Buffer ready 1 2. 62. 01 

E-ch status sample A 

E-ch busy Buffer busy 12.62.02 

E-ch status sample A 

E-ch no transfer latch Buffer no-transfer cond 13.72.04 

E-ch status sample A 

10. Test the status indicators and develop the forms stacker go signal. 

Signal Control Logic 

Forms stacker (not) E-ch not ready 13. 70. 04 

(not) E-ch busy 
(not) E-ch no -transfer 
2 char only op codes 
Last insn RO cycle 
Logic gate E 

11. Select the stacker magnet according to the E-channel (Op modifier) character. 

Signal Control Logic 

Rd stk sel Multi rd fd latch (off ) 52.10.08 

(not) 1401 mode 
Forms stacker go 
Stacker select 

Rd stk one (or) two latch CPU to I/O bit (1 or 2) 52.13.02 

Rd stk sel 

12. Energize the stacker select magnet. 

Signal Control Logic 

Stack 1 (or) stack 2 Rd stack one (or) two latch 52. 13. 02 

Read CB RC6 

13. Energize the read clutch magnet. 

Signal Control Logic 

Rd feed gate Rd stk sel 52. 10. 08 

(not) Multi rd feed latch 

Rd clutch Rd feed gate 52. 10. 09 

Read CB RC5 

14. Develop the brush impulse for each card row. 

Signal Control Logic 

CB latch Brush imp CB 52.10.10 

CB reset 

Brush single shot CB latch 52. 10. 07 

(not) BR SS latch 
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15. Initiate a read scan for each card row. 

Signal Control logic 

75 u s single shot Brush single shot (timed out) 52. 10. 07 

Rd priority gate Brush single shot (timed out) 52. 10. 07 

75 u s single shot (timed out) 

Gate on rd scan tr Rd priority gate 52. 10. 01 

(not) Some scan 
(not) Pt rd scan 

Read scan Gate on rd scan tr 52. 10. 02 

16. Advance units and tens rings to scan read storage. 

Signal Control Logic 

Time pi 1 latch (on) Read scan 51. 30.02 

Data reg reset 2 Time pi 1 latch (on) 51. 30. 02 

Units ring drive Data reg reset 2 51. 31. 02 

T-ring AC latch (on) Units ring 9 51. 32. 02 

Tens ring AC set T-ring AC latch (on) 51. 32. 02 

Data reg reset 2 

3. 2. 05 Reader Move or Load 



Op Code Function (OXXXBBBBBd) 



A reader move or load Op code causes the contents of reader storage in the inte- 
grated synchronizer to be transferred to the core-storage unit in the CPU. A 
group-mark with a word-mark must appear in the core-storage position immedi- 
ately to the right of the location of the data record in the CPU. After the transfer, 
the reader can be set in motion to read the next card into reader storage. 

The instruction can be executed in either a move or load fashion. When the 
M Op code specifies a move mode, the record in read storage transfers "as is" to 
the CPU. That is, word separators are transferred as word separators. If a load 
command is executed, a single word- separator character that is read from the card 
causes a word mark to be placed over the next character to be read in. Two succes- 
sive word- separator characters from the read storage cause a single word- separator 
character to be placed in core storage in the CPU. 

An overlapped or unoverlapped operation is determined by the character in the 
hundreds position of the X-control field. Because the card reader is assigned to 
the E-channel, this character can be either a % for unoverlap or @ for overlap. 
The tens position of the X-control field is the unit- select character and must be a 
1 in order to select the card reader. The unit-number character (units position of 
the X-control field) is sent to the read-storage circuitry during instruction read-out 
in order to control stacking and feeding during the next card feed cycle. If the char- 
acter is either 0, 1, or 2, the card is selected to the N/R, 1, or 8/2 stackers, re- 
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spectively. If the unit-number character is a 9, the card reader is not set in mo- 
tion after the transfer is made. The B-address specifies the high-order position 
of the data record, because the record is reverse-scanned into the core-storage 
unit. The d-modifier character must be an R to indicate a read (or input) operation. 

Operation (Figure 3. 2-8) 

Instruction read-out causes the instruction word characters to be placed in various 
registers to control the execution of the card read Op code. 

At I-Op time, the Op-code character reads out and is placed into the Op register. 
If the character is an M, the move mode is specified, and word-separator charac- 
ters in reader storage move to CPU storage as word-separator characters. An L 
Op code specifies the load mode to allow word marks to be generated in CPU stor- 
age from the reader-storage word-separator characters. 

At II time, the I/O channel-select character reads out. The I-ring advances to 
13 and the channel select character is placed into the I/O channel-select register. 
The I/O interlock check makes at 13 in order to insure that the E-channel status 
indicators are tested by the stored program since the last I/O command occurred 
that used the E-channel. The check consists of testing the move or load latch. Be- 
cause the RI £ resets these latches, they should both be OFF at 13. Either latch 
ON at 13 results in an I/O interlock that produces a master error that, in turn 
stops the CPU. 

At 14, the unit-select character reads out and is placed in the E-channel unit- 
select register, because the E-channel is selected at 13 time. Unit-select charac- 
ter 1 gates the reader status to the CPU. An E-channel reset develops at 14 to 
reset all control and status-indicator latches that are associated with this channel. 

The unit-number character reads out and is placed into the E-channel unit- 
number register at 15 time. This character is also gated to the E2 data register. 
The E2 full latch resets, but the character remains in the E2 register where it is 
available later for controlling the read feed. 

At 16 through 110, the B-address reads out and is placed in the B- and D-address 
registers. In addition, the B-address is placed into the E-address register on an 
overlapped command. The B-address register is used on an unoverlapped com- 
mand, and the E-address register is used on an overlapped command. 

The Op-modifier character reads out at 111 time and is set into the Op-modifier 
register. For the card reader Op code, the Op-modifier character is an R to 
specify a read (or input) operation. 

If the command is overlapped, the Op register, Op-modifier register, and 
the I/O channel- select register must be free to accept the characters of the next 
instruction word. The information in these registers is translated and stored in 
the E-channel move or load, and input or output latches in order to control the 
execution of the I/O command, and the registers are freed for the following in- 
struction. 
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CA*D HAD OP CODE 1 



<||GM GIVEN 51NCe\ yjs 
LASTS CHANNEL V — , ■ 
I/O COMMAND / 



E CHANNEL IND 

MUST HAVE IEEN 

TESTED SY PlOGtAM 

( SINCE LASTJCHANNE! 
COMMAND 



51T I/O INTMLOCK 

STO^CPUATIB^yi 

18.14.lt 



SILKT UNIT 1 
(CARD WADED 

15.35.09 



RESET El AND EI 

no wd 



*m 



BESET STATUS 
INDICATOIS 

15.41.1? 



/*EADf«NOTUADY \ ^ 

\ ""^ / 




Figure 3.2-8A Card Read Op Code 
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CPU OPERATION AFTER 

I 12 OF READER 

OP CODE 



NO / E 2 FULL v yES 

15.41.10 




OL / OL / \^ UNOL 

/ UNOL 



TAKE COMPUTE OR 
F CH CYCLE 




YES / E 2 FULL 

15.41.10 



NO 



YES ( INT END OF TRF \ NO NO / INT END OF TRF \ YES 

13.63.01 / \ 13.43.01 



NO / EXT END OF TRF \ YES 
13.42.11 




YES / \ N0 / 

INT END OF TRF /-^ W 

13.63.01 




COMPUTE DISABLE 




YES / EXT END OF TRF \ NO 
13.42.11 



W V^ INT END OF TRF > YES , 
13.63.01 




E CYCLE REQUIRED 
12.12.62 



NO/ COMPUTER AT 
END OF CYCLE 



YES 



YES / F CYCLE REQUIRED \ NO 



I!l/ LAST CY AN E CYCLES N0 



SET E CY CTRL 

12.12.66 



TAKE AN F CYCLE 



SETADDRMOD BY 

PLUS ONE LATCH 

14.30.07 



OVLP/ OVERLAP/ \ UNOVLP 

UNOVERLAP 1 



USE LOGIC CLK EXTEN 
11.10.20 



USE NORMAL LOGIC 
CLOCK 

11.10.20 



TAKE AN E CYCLE 
12.12.66 



TAKE A B CYCLE 
12.12.66 



t f** 



USE E AR TO RO 
B FIELD CHAR 



USE BAR TO RO 
B FIELD CHAR 



GATE E 2 REG TO A CH 

15.38.03 



Figure 3.2-8B Card Read Op Code 
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SET E CHANNEL WRONG 
. LENGTH RECORD STATUS 
INDICATOR 

i3.A3.03 



O- 



t/cw 



KING ERROR; J 

v HOLE COUNT ERROR/ 
\ 52.1J.01 / 



RESET STK SEL LAT 
52. 13.02 



o- 



SET I CHANNEL NO 

TRANSFER STATUS 

INDICATOR LATCH 

13.72.04 



HAD CARD BEEN 
YES / TRANSFERRED 
PREVIOUSLY 



m 



/ OVERLAP/ 
\ /uNO 







CONTINUE EXECUTION 

OF 

STORED PROGRAM 



SET LAST EXECUTE CY 



READ OUT NEXT 1NSN 



Figure 3.2-8C Card Read Op Code 
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This takes place at 112 or the last instruction read-out cycle. The status sample 
A-pulse develops at 112 for setting the status indicators to reflect the card-reader 
status. If the reader is not ready, the E-channel not-ready indicator sets. If the 
reader is busy, the E-channel busy indicator sets. If the last card is stacked in an 
end-of-file condition, the E-channel condition indicator sets. If any set at this time, 
the CPU does not execute the instruction, but instead it goes on to the next instruc- 
tion in sequence and leaves the status indicators set. If no indicators are set by the 
status sample A-pulse, the read Op code can be executed. 

Either the overlap or unoverlap in-process latch is set and reader-storage cir- 
cuitry is conditioned to send its contents to the CPU by a request for a read-transfer 
scan. When the scan request is granted, the unit-number character is analyzed 
and reader circuits are set up accordingly. If the character is a 9, the reader 
clutch magnet is not energized and no stack select latches are set. However, if the 
character is not a 9, the read clutch magnet is energized, even though the read 
transfer has not yet taken place. This is possible because a certain amount of time 
is involved between the time when the clutch is energized and when the card begins 
to read into the buffer. This is sufficient time to complete the read transfer. 

During each read- storage memory cycle, a character reads out and is sent to 
the CPU where it is set into the El data register. Transfer of the character from 
El to E2 is controlled by the word- separator control circuit. If the instruction is 
given in the load mode, a single word- separator character from the reader places a 
word mark over the following character. A pair of word- separator characters 
causes a single word- separator character to be written in storage. If the instruc- 
tion is given in the move mode, a word- separator character is stored as a word 
separator character in the CPU. 

If the command is unoverlapped, the CPU takes an E-cycle only when necessary 
to store the E2 character. During the time when E2 is not full, the CPU logic clock 
is disabled. If the command is overlapped, the CPU stores the E2 characters with 
the E-cycles, and continues to process subsequent instructions during the time when 
E2 is not full. 

Once the read-transfer scan is initiated, the read-storage-scan circuitry runs 
continuously to read out each position of read storage and to send it to the CPU. 
The transfer continues until all 80 positions of read storage are transferred. 

When a group-mark with a word-mark is detected in a storage position, or if a 
wrap-around condition is recognized, the internal transfer is ended and the CPU 
waits for the external end-of-transfer. If the external end-of-transfer is recognized 
before the internal end-of-transfer, an extra cycle is taken after El and E2 data 
registers are emptied in order to look for the group-mark with a word-mark. Dur- 
ing this last input cycle, the internal end-of-transfer is forced whether or not the 
group-mark with a word-mark is detected. 

With both internal and external transfers complete, a status sample B-pulse 
tests whether there are any transfer errors, and whether the record length is cor- 
rect. Any reader-storage error during the transfer causes the E-channel data- 
check status-indicator to be set. A wrong-length record sets the E-channel wrong- 
length-record status indicator. In addition, the E-channel no-transfer status indi- 
cator is set if this card was previously transferred to the CPU. Once the indicators 
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are set, the CPU is released to continue with the stored program. The read clutch 
was previously energized; when the clutch engages, a card feed cycle is taken. An 
error during the transfer causes the stack-select latches to be reset so that the 
card in error selects into the N/R pocket. 

Circuits 

Common Op-code grouping lines are: 

Percent type op codes 
Not addr dbl op codes 
2 addr plus mod op codes 
2 address op codes 
Address type op codes 
No index on 1st addr ops 
No branch op codes 
M or Li op codes 

1. Gate the unit-number character to the E2 data register. 

Signal Control Logic 

Sw B-ch to A-reg I-cycle 15. 38. 01 

Logic gate D 
2nd clock pulse 3 

Use A-ch nu I-cycle 15. 49. 03 

Use A-ch zones I-cycle 15. 49. 03 

(not) 1401 I -ring 5 or 10 time 

Use A-ch WM I-cycle 15.49.02 

Set El reg Logic gate A 15. 62. 04 

I-ring 5 time 
I-cycle 1 
M or L op codes 
E-ch sel unit 1 
Percent or coml at 

Set E2 El reg full 15. 62. 04 

(not) E2 reg full 

2. Gate the E2 register character to the reader circuitry in the integrated synchro- 
nizer either to select a stacker and feed or to prevent a card from feeding. 

Signal Control Logic 

CPU to I/O sync bit E2 reg bit 15.60.31-34 

CPU to I/O bit CPU to I/O sync bit 51. 40. 10 

Strobe latch (off) Time 020-030 51. 40. 43 

(not) Trans scan 
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Signal 

Set read feed latch 



Rd stk sel 
Stack 1 or 2 

Rd feed gate 
Rd clutch 



Control 

(not) 1401 mode 

Strobe latch (off) 

I/O to CPU trans 

Sel unit 1 

(not CPU to I/O 8 and 1-bits) 

Set read feed latch 

Rd stk sel 

CPU to I/O bit 

Set read feed latch 

Rd feed gate 

Proc feed (CB timing) 



Logic 
S1.40. 43 



51. 40. SO 

52. 13.02 

52. 10. 08 
52. 10.09 



3. Set the E-channel not- ready indicator, if the reader is not ready. 



Signal 

Rd not ready to drive 

(not) Rd ready to CPU 
(not) Buffer ready 
(not) E-ch ready bus 
E-ch status sample A 



E-ch not ready 



Control Logic 

Integrated buffer (off-line mode) 52. 11. 01 

CE rd trans gate 

CE read ready latch (off) 

Rd not ready to drive 52. 11. 02 

(not) Reader end-of-file 

Rd ready to CPU 51.40.18 

Select unit 1 

(not) Buffer ready 12.62.01 

E-ch sel any buffer 

M or L op codes 13. 65. 06 

I-ring 12 time 

(not) E-ch sel unit F 

I-cycle 

Percent or coml at 

(not) File op 

Logic gate D 

E-ch status sample A 12. 62. 01 

(not) E-ch ready bus 



4. Set the E-channel busy-status indicator, if the reader is busy. 

Signal Control Logic 

Reader busy Rd feed 52. 10. 08 

Rd feed latch (on) 

1401 read latch (on) 



Buffer busy 
E-ch busy bus 



Reader busy 
Select unit 1 

Buffer busy 

E-ch select any buffer 



51.40. 19 



12.62.02 
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Signal 
E-ch busy- 



Control 

E-ch status sample A 
E-ch ready bus 
E-ch busy bus 



Lo gic 
12.62.02 



5. Set the E-channel-condition indicator, if the reader end-of-file condition has 
been reached. 



Signal 
Encoder 



Control 


Logic 


Rd reg 


5 2. 10.05 


Rd scan 




Encode 


52. 11.01 


(end-of-file key pressed, hopper 




empty and number 1 card lever 




open) 





E-of-F 



Buffer conditions 



E-ch condition bus 



E-ch condition 



E OF delay latch 



E OF gate Read feed latch or 1401 5 2. 10. 08 

read latch 

E OF delay latch 52. 11. 01 

E OF gate 

E-or-F 51.40.20 

Select unit 1 

Buffer condition 1 2. 62. 03 

E-ch select any buffer 

E-ch condition 12. 62. 04 

(not) File op 

E-ch status sample A 

(not) E-ch select tape data 

E-ch ready bus 

(not) E-ch busy bus 

(not) 2 char only op codes 

(not) E-ch select unit to input 

6. If any status indicator is ON, go to the next instruction. 

Signal Control Logic 

E-ch correct-length record Set E-ch condition 13.63.03 

or 
Set E-ch busy 

or 
Set E-ch not ready 

E-ch correct-length record 13. 72. 05 

E-ch any status (on) 13. 65. 07 

Last insn RO cycle 
(not) File op 
I/O percent latch 

Last execute cycle I/O 12. 12. 51 



E-ch any status (on) 
Last execute cycle I/O 

Last execute cycle 



182 



7. If the condition latch is ON, reset the end-of-file latch. 

Signal Control 

Reset select buffer latches E-ch condition 

E-ch status sample A-delay 
E-ch select any buffer 



Reset CPU 
End-of-file latch (off) 

8. Request a read-transfer scan. 

Signal 

Ready to buffer 

Ready 

Rd trans req 

Rd priority gate 

Rd pr req trigger (on) 

Gate on rd scan tr 



Rd scan 



Reset select buffer latches 

Reset CPU 
Select unit 4 



Control 

(not) Clock stopped 
E-ch in -process 
E-ch select any buffer 
E-ch input mode 

Ready to buffer 

Ready 
Rd ready 
(not) Reader busy 
Select unit 1 

Rd trans req 

Rd priority gate 
Time 080-090 

Rd pr req tr 

(not) Some scan 

(not) Higher priority scan req 

Gate on rd scan tr 
Time 030-040 



9. Read out the addressed read-storage position. 



Signal 

Time pi l-latch(on) 

Time pi 2-latch(on) 

Timing pulse gate 
Rd pulse L-latch (on) 

Rd pulse L-latch (off) 
Rd pulse S -latch (on) 



Control 

Read scan 

(not) Single cycle mode 

Time pi l-latch (on) 
Time 000-010 

Time pi 2-latch(on) 

Time 000-010 
Not clock 2 

Time 040-050 
Time 010-020 



Logic 
13.70.04 

51.40.06 
52. 11.01 



Logic 
13.70.04 



51.40.04 
52. 10.09 

52. 10. 07 
52. 10. 01 

52. 10.01 
52. 10.02 



Loqic 




51. 


30. 


02 


51. 


30. 


02 


51. 


30. 


02 


51. 


30. 


05 


51. 


30. 


05 


51. 


30. 


05 
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Signal 

Rd pulse S-latch (off) 

Read pulse 1 010-040 

Read pulse 2 005-040 

10. Set the strobe trigger. 

Signal 
Trans scan 
Strobe latch 

I/O to CPU trans 
Buffer strobe 

E-ch strobe trigger 



Control 

Time 040-050 

Rd pulse S-latch 
Timing pulse gate 

Rd pulse L-latch 
Timing pulse gate 



Control 

Rd trf scan 

Trans scan 
Time 020-030 

Rd trf scan 

I/O to CPU trans 
Time 080-090 

Strobe latch 

Buffer strobe 

E-ch select any buffer 



Logic 

51. 30.05 
51. 30.05 

51.30.05 



Logic 




51.40. 


40 


51.40. 


43 


51.40. 


40 


51.40. 


43 



15. 62. 03 



11. Set the El register; set the El full latch; reset the strobe trigger. 



Signal 
Set El 



E-ch strobe trigger (off) 



El full 



Control 

2nd clock pulse 
E-ch strobe trigger 
E-ch input mode 
(not) El reg full 

E-ch input mode 
Set El reg 

Set El 



Logic 
15. 62. 04 



15. 62. 03 



15.41. 10 



1Z. Analyze the El input character and set up controls for the El to EZ 
transfer. 



Signal 




Control 






Logic 




E-ch select 7 -bit unit 




E-ch select unit 1 






13.62. 


03 


E-ch word -separator m 


iode 


E-ch select 7-bit unit 
E-ch load mode 






15.62. 


02 


E-ch word separator 




El input C- B- 4- 2 • 1- 


A- 


B-bits 


15.41. 


01 


El reg word 
Separator latch (on) 




E-ch word separator 
E-ch word -separator mode 
Set El 




15.41. 


11 
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13. Transfer El to E2. If the instruction is given the move mode, set E2 with El 
BCD. 

Control 



Signal 
E-ch reset 

(not) El reg word separator 
Copy El BCD to E2 
E2 reg full latch (off) 
Set E2 reg 

E2 reg full latch (on) 

El reg full latch (off) 



I -ring 4 time 
Percent or coml at 
Logic gate C 

E-ch reset 

(not) El reg word separator 

E-ch reset 

El reg full latch (on) 
E2 reg full latch (off) 

Set E2 reg 

(not) El reg word separator 

E-ch input mode 
Set E2 reg 



Logic 
15.41. 12 

IS. 41. 11 
15.62.06 
15.41. 10 
15. 62. 04 

15.41. 10 

15.41. 10 



14. Transfer El to E2. If the instruction is given in the load mode, and El reg 
not-word-separator latch is ON, copy El BCD to E2. 



Signal 

(not) El reg word separator 

Copy El BCD to E2 
E2 reg full latch (on) 

El reg full latch (off) 



Control 

E-ch not-word-separator 
(not) El WM bit 
Set El reg 

(not) El reg word separator 

Set E2 reg 

El reg not-word-separator 

E-ch input mode 
Set E2 reg 



Logic 
15.41. 11 

15.62.06 
15.41. 10 

15.41. 10 



15. Transfer El to E2. If the instruction is given in the load mode with a word- 
separator character in El and with no word separator in E2, generate a word- 
separator character and set it into E2 with a C-bit. E2 full is not set because 
the next character from read storage must be combined with the E2 character 
before the contents of E2 can be stored. 



Signal 

Set E2 word separator 

Copy El WM-C-bit 

Set E2 reg delayed 
E2 reg word separator 



Control Logic 

Set E2 reg 15. 62. 06 

(not) Gate console to assembly 
El reg word separator 
(not) E2 reg word separator 

(not) E2 reg word separator 15.62.06 

E-ch input mode 

Set E2 reg (off) 15. 62. 04 

Set E2 reg delayed 15.41.11 

E-ch word -separator mode 
El reg word separator 
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16. Transfer El to E2. If the instruction is given in the load mode with a word- 
separator character in E2 and with no word separator in El, copy El BCD 
and generate a word mark in E2. 

Si9n.1l Control Logic 

Copy inv El WM-C-bit E2 reg word separator 15.62.06 

(not) El reg word separator 
E-ch input mode 
(not) Gate console to assembly 

Copy El BCD to E2 reg E2 reg word separator 15. 62. 06 

E2 reg full latch (on) Set F.2 reg 15. 41. 10 

El reg not word separator 

17. Transfer El to E2. If the instruction is given in the load mode with a word- 
separator character in El and E2, set E2 with El BCD and C-bit. 

Signal Control Logic 

Copy El BCD to E2 reg E2 reg word separator 15. 62. 06 

Copy El WM-C-bit E2 reg word separator 15.62.06 

El reg word separator 
El reg not WM bit 

18. Initiate a storage cycle in the CPU whenever E2 is full (E2 full latch ON). If 
the command is unoverlapped, take an E-cycle and read out the BAR. 



Signal 


Control 


Lot 


)ic 




E-cycle required 


E-ch in-process 

E-ch output mode 

(not) E-ch int cnd-of -transfer 

El reg full latch (off) 

(not) E-cycle ■ any last gate 


12. 


12. 


62 


(Start logic clock) 


E-cycle required 
E-chunovlap in-process 


11. 


10. 


10 


E-cycle Ctrl 


E-cycle required 


12. 


12. 


66 



2nd clock pulse 

Logic gate Z 

(not) E-ch int end-of -transfer 

(not) F -cycle required 

E-cyclc E-cycle control 12.12.02 

Logic gate B or S 

RO BAR E-cycle Ctrl 14.71.31 

E-chunovlap in -process 
(not ) Console inhibit AR RO 
(not) E-ch 2nd address • unovlp 
(not) 1st I/O cycle control 
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19. Initiate a storage cycle in the CPU whenever E2 is full (E2 full latch ON). If 
the command is overlapped, take an E-cycle and read out the EAR. 

Signal Control Logic 

E-cycle required E-ch in-process 12. 12. 62 

E-ch output mode 
(not) El reg full 
(not) E-ch int end-of -transfer 
(not) E-cycle • any last gate 

(Start logic extension clock) E-cycle required 11. 10. 20 

E-ch overlap in-process 

E-cycle Ctrl E-cycle required 12.12.66 

2nd clock pulse 
Logic gate Z 

(not) E-ch int end-of-transfer 
(not) F-cycle required 

E-cycle E-cycle ctrl 12.12.66 

Logic gate B or S 

RO EAR E-cycle ctrl 14.71.35 

E-ch ovlp in-process 
(not) Console inhibit AR RO 
(not) E-ch 2nd Addr ovlp 

20. Gate the E2 character to the A-channel 

Signal Control Logic 

Gate E2 data reg to A-ch E-ch input mode 15. 38. 03 

E-cycle 
(not) Control reg disable 

21. End the internal transfer, if the B-channel character is a group-mark with a word- 
mark. 

Signal Control Logic 

B-ch group mark-WM B-ch 1 • 2 ■ 4 • 8- A ■ B • WM 15. 41. 07 

E-ch end-of -record latch E-cycle 13.63.01 

B-ch group mark • WM 
Logic gate F 
R symbol op modifier 
(not) 1401 card print in-proc 

22. End the internal transfer, if a wrap-around condition occurs. 

Signal Control Logic 

E-ch end-of-record latch (not) E-ch last input cycle 13. 63. 01 

Wrap-around conditions 
Logic gate F or W 
2nd clock pulse 2 
E-cycle 
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Signal Control Logic 

E-ch int end-of-transfer E-cycle 13.63.01 

(not) E-ch last input cycle 
Wrap-around conditions 
Logic gate F or W 
2nd clock pulse 2 

23. End the internal transfer, if the external end-of-transfer occurs before the in- 
ternal end-of-transfer. Take on extra input cycle to look for the group-mark 
with a word-mark, then end the internal transfer. 



Signal Control Logic 

E-ch last input cycle E-ch ext end-of-transfer 13.63.02 

(not) El rcg full 
(not) E2 reg full 
E-cycle 

E-ch input mode 
Logic gate C or T 

E-ch int end-of-transfer E-ch last input cycle 13.63. 01 

Logic gate F or W 

24. Develop the assembly controls. If the asterisk insert switch is ON and the 
A-channel character is invalid, set an asterisk. 



Siqnal 


Control 


Logic 




In cy GM'WM Ctrl 


B-ch not group mark -WM 

Input cycle 

(not) any last input cycle 


15. 49. 


02 


A-ch invalid 


(Invalid bit configuration) 


18. 11. 


03 


Set asterisk 


In cy GM'WM Ctrl 


15. 49. 


06 



A-ch invalid 

(not) Asterisk ins console sw (off) 

25. Develop the assembly controls. If the asterisk insert switch is OFF and the 
A-channel character is invalid, stop the clock. 

Signal Control Logic 

Master error A-channel VC error 18. 14. 08 

Logic gate A or R 

Stop latch Master error 12. 15. 04 

26. Develop the assembly controls. If the instruction is given in the load mode and 
there is a valid A-channel character, use the A-channel numerical bits, word 
mark bit, and zone bits. 

Signal Control Logic 

A-ch valid + ast switch (off) A-ch valid 15. 49. 02 

or 
Asterisk ins console sw (off) 
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Signal 




Control 


Logic 


E-ch select odd parity 


unit 


E-ch select unit 1 


13.60.03 


Odd-parity cycle 




E-ch select odd-parity unit 
E -cycle 


13.60.02 


Use A-ch zones 




In cy GM-WM Ctrl 

A-ch valid + ast switch (off) 

Odd -parity cycle 


15. 49. 03 



Use A-ch nu In cy GM-WM Ctrl 15.49.03 

A-ch valid + ast switch (off) 
Odd-parity cycle 

Use A-ch WM In cy GM-WM Ctrl 15. 49. 02 

A-ch valid + ast switch (off) 
Load cycle 

27. Develop the assembly controls. If the instruction is given in the move mode 
and there is a valid A-channel character, use the A-channel numerical and 
zone bits and the B-channel word-mark bit. 

Signal Control Logic 

Use A-ch zones In cy GM-WM Ctrl 15. 49. 03 

A-ch valid + ast switch (off) 
Odd-parity cycle 

Use A-ch nu I n C y GM-WM Ctrl IS. 49. 02 

A-ch valid + ast switch (off) 
Odd -parity cycle 

Use B-ch WM Move cycle 15. 49. 04 

Input cycle 

28. Develop the assembly controls. If the internal end-of-transfer is detected, 
use the full B-channel character. 



Signal Control 



Logic 



I/O grp mk-WM stop Ctrl E-ch ovlp in-process 13. 65. 04 

E -cycle 
or 
E-ch unovlp in-process 
E-cycle 
R-symbol op modifier 

Use full B-ch I/O grp mk-WM stop Ctrl 15. 49. 05 

B-ch group mark-WM 
Input cycle 
(not) 1401 card print in-proc 

29. Develop the assembly controls. If the CPU is in the last input cycle, use the 
full B-channel character. 



Signal Control 



Logic 



Any last input cycle E-ch last input cycle 13. 63. 02 
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Signal 

Any last in cycle not 1401 

Use B-ch nu 
Use B-ch zones 
Use B-ch WM 



Control 

Any last input cycle 
(not) 1401 mode 

Any last in cycle not 1401 

Any last in cycle not 1401 

Any last in cycle not 1401 



Logic 
15. 49. 05 

15. 49. 05 
15.49.05 
15.49.04 



30. Reset the E2 full latch after each input cycle. 



Siqnal 


Control 


Logic 


Reset E2 full latch 


Any last gate 

E-ch cycle 

In cy GM-WM Ctrl 

2nd clock pulse (inverted) 


15. 62. 05 



31. With both internal and external transfers ended, develop a sample pulse for 
setting the E-channel status indicators. 



Signal 



Control 



E-ch int end-of-tfr delayed Logic gate Z 

E-ch int end-of -transfer 



E-ch status sample B 



Logic 
13.65.05 

13. 65. 05 



E-ch ext end -of -transfer 
E-ch int end-of -trf delayed 
Logic gate Z 
2nd clock pulse 1 (inverted) 

32. Set the E-channel wrong-length-record status indicator, if the record length 
is incorrect. 



Signal 

E-ch wrong-length record 



Control Logic 

E-ch status sample B 13. 63. 03 

E-ch strobe trigger 

or 
E2 reg full 

or 
(not) E-ch end-of -record latch 

33. Set the E-channel data-check status indicator, if any error occurred during 
the transfer. 



Signal 
Read error 



Control 

Invalid card code 

or 
Pwrd clock error 

or 
Ring error to error latch 

or 
Parity 1 

or 



Logic 
52. 12. 01 
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Signal 



Buffer error 



E-ch check bus 



E-ch check 



Control 

Parity 2 
or 
Hole -count error 

Read error 
Select unit 1 

Buffer error 

E-ch select any buffer 

E-ch check bus 
E-ch status sample B 



Logic 



51.40.21 



12.62.03 



12.62.04 



34. Reset the reader-stacker select latches, if an error occurred during the 
transfer. 



Signal 

(Read stack 1 and 2 
latches reset) 



Control 



Read error 



Logic 
52. 13. 02 



35. Set the E-channel no-transfer status-indication, if this record was transferred 
previously. 



Signal 


Control 


Loqic 


(not) Multi read feed 


Rd trans req 
(not) Rd feed 


52. 10.08 


(not) Gated multi read feed 


(not) Multi read feed 
(not) Ready 


52. 10. 08 


Buffer no -trans cond 


(not) Gated multi read feed 
Reset CPU or GO 
Buffer end -of -transfer 
Sel unit 1 
(not) Stk sel 


51.40. 12 



E-ch no-transfer latch 



Buffer no-Xfer cond 
E-ch status sample B 
E-ch select unit 1 
(not) E-ch busy bus 
E-ch ready bus 



13.72.04 



36. Continue with the stored program. If the command is unoverlapped, set last 
execute cycle and reset the unoverlap-in-process latch. 



Siqnal 


Control 


Logic 


Last-execute cycle I/O 


E-ch unovlp-in-process 

(not) 1401 card or print op code 

E-ch status sample B 


13.65.07 



E-ch second sample B 



E-ch status sample 3 

2nd clock pulse (inverted) 



13.65.05 
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Figure 3.3-1 IBM 1414 Integrated Synchronizer Data Flow 



Signal Control Logic 

E-ch status sample B-delay E-ch second sample B 13. 65. OS 

2nd clock pulse (inverted) 

(Reset) E-ch unovlp-in- E-ch status sample B-delay 13. 60. 04 

process 

37. Continue with the stored program. If the command is overlapped, reset the 
overlap-in-process latch. 

Signal Control Logic 

(Reset) E-ch ovlp-in- E-ch status sample B-delay 13. 60. 04 

process 

3.3.00 PAPER -TAPE -READER ATTACHMENT 

The IBM 1011 Paper Tape Reader is used in conjunction with the integrated synchro- 
nizer to provide a buffered-paper-tape input to the IBM 1410 Data Processing Sys- 
tem. There are thirteen lines that connect the 1011 and the integrated synchronizer. 
The names and functions of these lines are: 

Line Function 



Paper-tape-ready Output line from the 1011. Indicates that power 

is ON, that tape is properly loaded, and that the 
start key was pressed. 

PT parity error Output line from the 1011. Indicates an 8- channel 

tape-parity error. 

End-of- record Output line from the 1011. Indicates that the end- 

of-record character was detected. 

Data output (7 lines) Output lines from the 1011 output data register 

(register B). 

Data sync Output line from the 1011. Indicates that a char- 

acter is present on the data-output lines. 

Character received Input line to the 1011. Indicates that the charac- 

ter on the data-output lines was received and 
stored. 

Go Input line to the 1011 that requests a character. 

3.3.01 Core Storage (Figure 3. 3-1) 

The integrated synchronizer can have eight 80-position core-storage units. One of 
these storage units can be assigned to the paper-tape reader. Eighty characters 
from the paper-tape (PT) reader are stored in the PT storage unit. When the stor- 
age unit is filled, the contents can be transferred to the CPU. PT storage has eight 
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Yes/ Lost Buffer Position or \No 
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SetPT Read Req Latch 
55.10.06 



PT Data Reg Read in Gate 
55.^0.06 



Set PT Ooto Register 
55.10.03 



SetPT Scan Req Lotch 
55.10.07 



Send Chor Recvd to 101 1 
55.10.02 



IL 



Any Scan In Process 



SetPT Read Scan Latch 
55.10,07 



Serial Scan Ir 
55. 10.05 



(Not} Units Serial Ctrl 

(Not) Tens Serial Ctrl 
51.50.06 



Set Units Ring 9 
51.31.01 



Read Out 
Addressed Position 



| - Y -^ Lower Y Bit y^ 



Set Units Ser Ctrl 

Set Tens 5er Ctrl 

51.50.06 



] Regen Addressed Position 



n_ 



Advance Tens Ring 
51.32,02 
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51.31.02 

I 
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\Yes 



Set Control Bit Latch 
51.50.05 



Set Buffer Full Latch 
55.10.02 



"i r 



Gate P T Character 

To Inhibit Drivers 

55.10.03 



Block LYCor 

From Setting 

51.50.05 



Write PT Character 

Into Addressed Positior 



Serial Scan Ring Reset 
51.50.05 



End of Scan Trigger On 



End P T Scan 

55.10.07 



Turn Off: PT Rd Scon Lot 
j PT Rd Req Lot 

j PT Scon Req Lat 
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55.10.02 
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Dato Sync From 1011 



Buffer is Full 
Walt for Buffer CPU Trans 



Figure 3.3-2 Paper-Tape Read-In 
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planes: seven planes store the characters in BCD form; the eighth, or control 
plane, locates the storage positions for incoming characters. When used with the 
integrated synchronizer, the PT reader uses the circuitry assigned to option 4. 

PT storage uses the same addressing system, data registers, and clock as the 
other integrated synchronizer storage units. 

3. 3. 02 Input-Serial-Scan Control 

Once the go signal is received, the PT reader sends a character to PT storage 
every two milliseconds. Each time a character is received, the addressing rings 
locate the next storage position in sequence. The character is stored and the rings 
reset. As soon as the rings reset, they can be used to scan other storage units 
until the next PT character is received. 

PT read-in begins with all eight-bit cores set ON. When a character is written 
into a PT storage position, the corresponding eighth-bit is set OFF. For example, 
assume that a PT read-in is in-process, and positions 1-23 have characters with 
no control bits in them. Positions 24-79 contain control bits. A data sync pulse 
from the PT reader requests a serial scan. The scan starts with the rings address- 
ing position 09. Position 09 reads out, and because there is no control bit, the 
character is regenerated. The tens ring then advances and position 19 reads out. 
Again there is no control bit, so that the character is regenerated, and the tens 
ring advances to address position 29. When position 29 reads out, a control bit is 
detected. This indicates that the desired position is somewhere in the positions 
20 to 29. The tens ring is now prevented from advancing, and the units ring is al- 
lowed to advance to address and to read out positions 20, 21, 22, and 23 before the 
next control bit is sensed. When position 24 reads out, presense of the control bit 
brings up the gate that allows the incoming character to be written into this position, 
during the write portion of the memory cycle. The control bit is not regenerated 
in order to indicate that this position is filled. The rings are then reset and the PT 
storage circuitry waits for the next data-sync pulse. 

3. 3. 03 Paper-Tape Read-In (Figure 3. 3-2) 

Paper-tape read-in is initiated by the go signal from the integrated synchronizer. 
The go signal is generated with a power -on reset, or after a read transfer scan 
takes place. When the IBM 1011 receives the go signal, the drive mechanism is set 
in motion, and as each character becomes available at the output bit lines, a data- 
sync pulse is sent to the paper-tape storage circuitry. The data-sync pulse requests 
a serial scan to store the incoming character. Requesting the scan gates the char- 
acter into a data register, and then signals the 1011 that the character is received. 

After priority conditions are satisfied, a scan is initiated to locate the first 
blank position. When the correct position is located, the character is stored, and 
the rings are reset. After 80 data sync pulses are received, or if the 1011 signals 
an end of record, the go line is dropped to stop paper-tape reading. These condi- 
tions also reset the paper-tape-busy latch to allow a paper-tape-read-transfer in- 
struction to be executed. Figure 3. 3-3 shows the relative timings involved in stor- 
ing a character. 
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Figure 3.3-3 Paper-Tape Character Storage 
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3. 3. 04 Paper -Tape Reader Move or Load 

Op Code Function (O XXX BBBBB d) 

The PT reader move or load Op code transfers the contents of PT storage to the 
CPU. The move Op code transfers the data exactly as it appears in PT storage. 
If the instruction is given in the load mode, a single word-separator character 
from PT storage causes a word-mark to be placed over the next character that is 
read into the CPU. Two successive word- separator characters from PT storage 
cause a single word-separator character to be placed in core storage in the CPU. 

Operation (Figure 3. 3-4) 

Instruction read-out causes the instruction word characters to be placed in various 
registers to control the execution of the card read Op code. 

At I- Op time, the Op- code character reads out and is placed into the Op regis- 
ter. If the character is an M, the move mode is specified, and word- separator 
characters in PT storage move to CPU storage as word- separator characters. An 
L-Op code specifies the load mode to allow word marks to be generated in CPU 
storage from the reader- storage word- separator characters. 

At II time, the I/O channel- select character reads out. The I-ring advances 
to 13, and the channel- select character is placed into the I/O channel- select regis- 
ter. The I/O interlock check is made at 13 to insure that the E-channel- status in- 
dicators were tested by the stored program since the last I/O command that used 
the E-channel. The check consists of testing the move or load latch. Because the 
RI| resets these latches, they should both be OFF at 13. If either latch is ON at 
13, an I/O interlock results. This produces a master error that stops the CPU. 

At 14, the unit-select character reads out and is placed in the E-channel-unit 
select register, because the E-channel was selected at 13 time. Unit-select char- 
acter P gates the PT reader status to the CPU. An E-channel reset develops at 14 
to reset all control and status -indicator latches associated with this channel. 

Unit number character O reads out and is placed into the E-channel- unit-number 
register at 15 time. 

At 16 through 110, the B-address reads out and is placed in the B- and D-address 
registers. In addition, the B-address is placed into the E-address register on an 
overlapped command. The B-address register is used on an unoverlapped com- 
mand, and the E-address register is used on an overlapped command. 

The Op-modifier character reads out at 111 time and is set into the Op-modifier 
register. For the PT reader Op code, the Op-modifier character is an R to specify 
a read (or input) operation. 

If this command is overlapped, the Op register, the Op-modifier register, and 
the I/O channel- select register must be free to accept the characters of the next 
instruction word. The information in these registers is translated and stored in 
the E-channel move of load, and input or output latches to control the execution of 
this I/O command and the registers are freed for the following instruction. 
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Figure 3.3-4A Paper-Tape Move or Load 
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CC P U Operation After *\ (t\ 
1 12 of PT Op Code J \~) 

1 I 

Ovlp/^T ; / ,, " \Unovlp 



*-( Overlap / Unoverlap ) " 



No, 



E 2 Full 
15.41.10 



v Yes 



Yes/ 



Take Compute or 
F Cycle 



E 2 Full 
15.41.10 



No 



| Yes / Int End of Transfer \Np 
13.63.01 



No/ Ext End of Transfer \Yes 
13.42.11 



Yes/ Int End of Transfer \ No 
13.63.01 











No/ Int End of Transfer \ Yes 
13.63.01 



Compute Disable 

I 

Yes / Ext End of Transfer \ No 
13.42.11 



No/ Int End of Transfer \Yes 
13.63.01 



© 









E Cycle 
12.1 



Required 
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" Compute End of Cycle 



Wait 



Yes/ 
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\No| 
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Gate E 2 Reg to A Ch 
15.38.03 



Figure 3.3-4B Paper-Tape Move or Load 
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13.63.0] 



No/ B Ch GM WM \Y« 

| \ "■''■» / I 

no / — ; - ' ; \y« ■ 

i ( Last Input Cycle ) ■ 

Yes/ Ait In. Sw Off \Ne 
| \ 15.-M.0o / 1 



Master Error Stop Clock 



Load / Move 



Use A Ch WM 
15.49.02 
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I 
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IX 
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1 
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Figure 3.3-4C Paper-Tape Move or Load 
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This takes place at 112 or the last-instruction read-out cycle. The status sam- 
ple A-pulse develops at 112 for setting the status indicators to reflect the PT reader 
status. If the PT reader is not ready, the E- channel-not- ready indicator is set. 
If the PT reader is busy, the E-channel-busy indicator is set. If either indicator 
is set at this time, the CPU does not execute this instruction. Instead it goes on 
to the next instruction, in sequence, and leaves the status indicators set. If no 
indicators are set by the status sample A-pulse, the PT move or load Op code can 
be executed. 

Either the overlap or unoverlap-in-process latch is set and the PT storage cir- 
cuitry is conditioned to send its contents to the CPU by a request for a PT read- 
transfer scan. When the scan request is granted, the PT storage reads out, and 
sends PT storage characters to the CPU. 

During each PT storage-memory cycle, a character reads out and is sent to 
the CPU, where it is set into the El data register. Transfer of the character from 
El to E2 is controlled by the word- separator control circuit. If the instruction is 
given in the load mode, a single word- separator character from the reader places 
a word mark over the following character. A pair of word- separator characters 
causes a single word- separator character to be written in storage. If the instruc- 
tion is given in the move mode, a word- separator character from PT storage is 
stored as a word- separator character in the CPU. 

If the command is unoverlapped, the CPU takes an E-cycle only when necessary 
to store the E2 character. During the time when E2 is not full, CPU logic 1 is dis- 
abled. If the command is overlapped, the CPU stores the E2 characters with the 
E-cycles, and continues to process subsequent instructions during the time when 
E2 is not full. 

Once the read-transfer scan is initiated, the PT storage-scan circuitry runs 
continuously to read out each position of PT storage and to send it to the CPU. The 
transfer continues until all 80 positions of PT storage are transferred. As each 
PT storage character reads out, a control bit (L.Y core plane) is placed in that po- 
sition in preparation for the next PT read-in. 

When a group-mark with a word-mark is detected in a storage position, or if a 
wrap-around condition is detected, the internal transfer is ended and the CPU waits 
for the external end-of-transfer. If the external end-of-transfer is detected before 
the internal end-of-transfer, an extra cycle is taken after the El and E2 data regis- 
ters are emptied to search for the group-mark, with a word-mark. During this 
last input cycle, the internal end-of-transfer is forced whether or not the group- 
mark with a word-mark is detected. 

With both internal and external transfers complete, a status sample B-pulse 
tests for transfer errors, and whether the record length was correct. Any PT 
storage error during the transfer causes the E-channel data-check status -indicator 
to be set. A wrong-length record sets the E-channel wrong-length record status 
indicator. In addition, a parity error in the IBM 1011 Paper Tape Reader (8- 
channel tape only) causes the E-channel data-check indicator to be set. Once the 
indicators are set, the CPU is released to continue with the stored program. 

As soon as the transfer is complete, the PT storage circuitry sends the go sig- 
nal to the PT reader in order to cause the next record to be loaded into PT storage. 
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Circuits 

Common Op- code grouping lines are: 

Percent type op codes 
Not addr dbl op codes 
2 Addr plus mod op codes 
2 Address op codes 
Address type op codes 
No-index on 1st addr ops 
No-branch op codes 
M or L op codes 

1. Set the E-channel not-ready indicator, if the PT reader is not ready. 



Signal 

(not) PT ready 

PT rd not ready 

PT rd op 

(not) 14C5-A rdy status 

(not) Buffer ready 
(not) E-ch ready bus 

E-ch status sample A 



E-ch not ready 



Control 

(not) PT ready to adapter 

(not) PT ready 

(or off-line CE mode) 

Select unit P 
Read from buffer 

PT rd not ready 
PT rdop 

(not) 14CS Rdr status 

(not) Buffer ready 
E-ch sel any buffer 

M or L op codes 
I -ring 12 time 
(not) E-ch sel unit F 
I -cycle 

Percent or coml at 
(not) File op 
Logic gate D 

E-ch status sample A 
(not) E-ch ready bus 



Logic 




55. 


10.01 


55. 


10. 


02 


55. 


10. 


04 


55. 


10.04 


51. 


40. 


18 


12. 


62. 


01 


13. 


65. 


06 



12.62.01 



2. Set the E-channel-busy indicator, if the PT reader is busy. 



Signal 
Busy 



14C5A busy status 



Control 

End PT scan 

or 
PT busy 

or 
PT rd req 

Busy 
PT rdop 



Logic 
55. 10. 04 



55. 10. 04 
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Signal Control 

Buffer busy 14C5-A Busy status 

E-ch busy bus Buffer busy 

E-ch select any buffer 

E-ch busy E-ch status sample A 

E -ch ready bus 
E-ch busy bus 

3. If any status indicator is ON, go to the next instruction. 
Signal Control 

E-ch correct -length record Set E-ch busy 

or 
Set E-ch not ready 



E-ch any status (on) 
Last execute cycle I/O 

Last execute cycle 



E-ch correct-length record 

E-ch any status (on) 
Last insn RO cycle 
(not) File op 
I/O percent latch 

Last execute cycle I/O 



4. Initiate a PT read-transfer scan. 



Signal 

Ready to buffer 



Control 

(not) Clock stopped 
E-ch in-process 
E-ch select any buffer 
E-ch input mode 



Ready 


Ready to buffer 


PT rd trans 


Ready 




PT rdop 


Gate on PT scan req 


PT rd trans 


PT scan req 


Gate on PT scan 




Time 080-090 


PT rd scan 


PT scan req 




(not) Same scan 




Time 030-040 



5. Read out the addressed PT storage position. 

Signal Control 



Time PI 1 latch (on) 
Time PI 2 latch (on) 



Opt no 4 scan 

(not) Single cycle mode 

Time PI 1 latch (on) 
Time 000-010 



Logic 




51.40. 


19 


12. 62. 


02 


12.62. 


02 



Logic 
13.63.03 

13. 72. 05 
13.65.07 



12. 12.51 

Logic 
13.70.04 

51.40.04 
52. 10. 09 

55. 10. 06 
55. 10. 07 

55. 10. 07 



Logic 
51.30.02 

51. 30.02 
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Signal 

Timing pulse gate 

Rd pulse L latch (on) 

Rd pulse L latch (off) 
Rd pulse S latch (on) 
Rd pulse S latch 
Read pulse 1 010-040 

Read pulse 2 005-040 

6. Set the strobe trigger. 

Signal 
Trans scan 
Strobe latch 

I/O to CPU trans 

Buffer strobe 



Control 

Time PI 2 latch (on) 

Time 000-010 
Not clock 2 

Time 040-050 

Time 010-020 

Time 040-050 

Rd pulse S latch 
Timing pulse gate 

Rd pulse L latch 
Timing pulse gate 



Control 



14C5-A trans scan 

Trans scan 
Time 020-030 

Trans scan 
Read from buffer 

I/O to CPU trans 
Time 080-090 
Strobe latch 



E-ch strobe trigger 

7. Set El register; set El full latch; reset the strobe trigger 



Buffer strobe 

E-ch select any buffer 



Logic 
51. 30.02 
51. 30.05 

51.30.05 
51. 30.05 
51.30.05 
51.30.05 

51.30.05 

Logic 

51.40.40 

51.40.43 

51.40.40 

51.40.43 

15. 62. 03 



Signal 
Set El 



E-ch strobe trigger (off) 



El full 



Control 

2nd clock pulse 
E-ch strobe trigger 
E-ch input mode 
(not) El reg full 

E-ch input mode 
Set El reg 

Set El 



Logic 
15. 62. 04 



15.62.03 



15.41. 10 



8. Analyze the El input character,' and set up controls for the El to E2 transfer. 

Signal Control Logic 



E-ch select 7-bit unit 



E-ch select unit 1 



E-ch word -separator mode E-ch select 7-bit unit 

E-ch load mode 



13.62.03 
15. 62. 02 
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Signal 


Control 


Logic 




E-ch word separator 


El input C- B- 4- 2- 1- A- B-bits 


15.41. 


01 


El reg word separator 


E-ch word separator 


15.41. 


11 


latch (on) 


E-ch word-separator mode 
Set El 







9. Transfer El to E2. If the instruction is given in the move mode, set E2 with 
El BCD. 

Signal Control Logic 

E-ch reset I-ring 4 time 15.41.12 

Percent or coml at 
Logic gate C 

(not) El reg word separator E-ch reset 15. 41. 11 

Copy El BCD to E2 (not) El reg word separator 15. 62. 06 

E2 reg full latch (off) E-ch reset 15. 41. 10 

Set E2 reg El reg full latch (on) 15. 62. 04 

E2 reg full latch (off) 

E2 reg full latch (on) Set E2 reg 15. 41. lo 

(not) El reg word separator 

El reg full latch (off) E-ch input mode 15. 41. 10 

Set E2 reg 

10. Transfer El to E2. If the instruction is given in the load mode, and the El 
reg not-word- separator latch is ON, copy El BCD to E2. 

Signal Control Logic 

(not) El reg word separator E-ch not-word separator 15.41.11 

Set El reg 

Copy El BCD to E2 (not) El reg word separator 15. 62. 06 

E2 reg full latch (on) Set E2 reg 15. 41. 10 

El reg not-word separator 

El reg full latch (off) E-ch input mode 15. 41. 10 

Set E2 reg 

11. Transfer El to E2. If the instruction is given in the load mode with a word- 
separator character in El and no word separator in E2, generate a word- 
separator character and set it into E2 with a C-bit. The E2 full latch is not set 
because the next character from read storage must be combined with the E2 
character before the contents of E2 can be stored. 

Signal Control Logic 

Set E2 word separator Set E2 reg 15.62.06 

(not) Gate console to assembly 
El reg word separator 
(not) E2 reg word separator 
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Signal 


Control 


Logic 


Copy El WM • C-bit 


(not) E2 reg word separator 
E-ch input mode 


IS. 62. 06 


Set E2 reg delayed 
E2 re a word ser>arator 


Set E2 reg (off) 
Set E2 req delayed 


15.62.04 
15.41. 11 



E-ch word -separator mode 
El reg word separator 

12. Transfer El to E2. If the instruction is given in the load mode with a word 
separator character in E2 and no word separator in El, copy El BCD and 
generate a word mark in E2. 

Signal Control Logic 

Copy inv El WM • C-bit E2 reg word separator 15.62.06 

(not) El reg word separator 
E-ch input mode 
(not) Gate console to assembly 

Copy El BCD to E2 reg E2 reg word separator 15. 62. 06 

E2 reg full latch (on) Set E2 reg 15. 41. 10 

El reg not word separator 

13. Transfer El to E2. If the instruction is given in the load mode with a word 
separator character in El and E2, set E2 with El BCD and C-bit. 

Signal Control Logic 

Copy El BCD to E2 reg E2 reg word separator 15. 62. 06 

Copy El WM • C-bit E2 reg word separator 15. 62. 06 

El reg word separator 
El reg not WM bit 

14. Initiate a storage cycle in the CPU whenever E2 is full (E2 full latch on). If 
the command is unoverlapped, take an E-cycle and read out the BAR. 



Siqnal 


Control 


Logic 


E-cycle required 


E -ch-in-process 

E-ch output mode 

(not) E-ch int end -of -transfer 

El reg full latch (off) 

(not) E-cycle • any last gate 


12. 12.62 



(Start logic clock) E-cycle required 11. 10. 10 

E-ch unovlp-in-process 

E-cycle Ctrl E-cycle required 12.12.66 

2nd clock pulse 
Logic gate Z 

(not) E-ch int end-of-transfer 
(not) F-cycle required 



206 



Signal Control Logic 

E-cycle E -cycle control 12.12.02 

Logic gate B or S 

RO BAR E-cycle Ctrl 14. 71. 31 

E-ch unovlp-in-process 
(not) Console inhibit AR RO 
(not) E-ch 2nd address unovlp 
(not) 1st I/O cycle control 

15. Initiate a storage cycle in the CPU whenever E2 is full (E2 full latch on). If 
the command is overlapped, take an E-cycle and read out EAR. 



Siqnal 


Control 


Logic 


E-cycle required 


E-ch-in -process 

E-ch output mode 

(not) El reg full 

(not) E-ch int end-of -transfer 

(not) E-cycle • Any last gate 


12. 12.62 



(Start logic extension clock) E-cycle required 11. 10. 20 

E-ch overlap -in -process 

E-cycle ctrl E-cycle required 12.12.66 

2nd clock pulse 
Logic gate Z 

(not) E-ch int end-of -transfer 
(not) F-cycle required 

E-cycle E-cycle Ctrl 12.12.66 

Logic gate B or S 

RO EAR E-cycle Ctrl 14. 71. 35 

E-ch ovlp -in -process 
(not) Console inhibit AR RO 
(not) E-ch 2nd addr ovlp 

16. Gate the E2 character to the A-channel. 

Signal Control Logic 

Gate E2 data reg to A-ch E-ch input mode 15. 38. 03 

E-cycle 
(not) Control reg disable 

17. End the internal transfer, if the B-channel character is a group-mark with a 
word-mark. 

Signal Control Logic 

B-ch group mark • WM B-Ch 1 • 2- 4 • 8 • A • B • WM 15.41.07 

E-ch end-of-record latch E-cycle 13.63.01 

B-cy group mark • WM 
Logic gate F 
R -symbol op modifier 
(not) 1401 card print-in-process 
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18. End the internal transfer. If a wrap-around condition occurs. 



Signal 


Control 


Loqic 


E-ch end-of -record latch 


(not) E-ch last input cycle 
Wrap-around conditions 
Logic gate F or W 
2nd clock pulse 2 
E-cycle 


13.63.01 



E-ch int end-of-transfer E-cycle 13.63.01 

(not) E-ch last input cycle 
Wrap-around conditions 
Logic gate F or W 
2nd clock pulse 2 

19. End internal transfer . If the external end of transfer occurs before the inter- 
nal end of transfer, take an extra input cycle to search for the group-mark with 
a word-mark, and end internal transfer. 



Signal 


Control 


Logic 


E-ch last input cycle 


E-ch ext end-of-transfer 

(not) El reg full 

(not)E2 reg full 

E-cycle 

E-ch input mode 

Logic gate C or T 


13.63.02 


E-ch int end-of-transfer 


E-ch last input cycle 
Logic gate F or W 


13.63.01 



20. Develop assembly controls. If the asterisk insert switch is ON and the A- 
channel character is invalid, set an asterisk. 



Siqnal 


Control 


Loqic 


In cy GM-WM Ctrl 


B-ch not group mark'WM 

Input cycle 

(not) Any last input cycle 


15. 49. 02 


A-ch invalid 


(Invalid bit configuration) 


18.11.03 


Set asterisk 


In cy GM • WM Ctrl 


15. 49. 06 



A-ch invalid 

(not) 1 asterisk ins console sw (off) 

21. Develop assembly controls. If the asterisk insert switch is OFF, and if the 
A-channel character is invalid, stop the clock. 



Signal 
Master error 



Control 

A-channel VC error 
Logic gate A or R 



Logic 
18. 14. 08 



Stop latch 



Master error 



12. 15.04 
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22. Develop assembly controls. If the the instruction is given in the load mode 
with a valid A-channel character, use the A-channel numerical bits, word- 
mark bit, and zone bits. 



Logic 



Signal Control 

A-ch valid + ast switch (off) A-ch valid 15. 49. 02 

or 
Asterisk ins console sw (off) 

E-ch select odd-parity unit E-ch select unit 1 13. 60. 03 

Odd -parity cycle E-ch select odd -parity unit 13.60.02 

E -cycle 

Use A-ch zones In cy GM-WM Ctrl 15.49.03 

A-cy valid + ast switch (off) 
Odd-parity cycle 

Use A-ch nu In cy GM-WM Ctrl 15.49.03 

A-ch valid + ast switch (off) 
Odd-parity cycle 

Use A-ch WM In cy GM-WM Ctrl is. 49. 02 

A-ch valid + ast switch (off) 
Load cycle 

23. Develop assembly controls. If the instruction is given in a move mode with a 
valid A-channel character, use the A-channel numerical bits and zone bits and 
the B-channel word-mark bit. 



Signal Control 



Logic 



Use A-ch zones In cy GM-WM Ctrl 15. 49. 03 

A-ch valid + ast switch (off) 
Odd-parity cycle 

Use A-ch nu In cy GM-WM ctrl 15. 49. 03 

A-ch valid + ast switch (off) 
Odd-parity cycle 

Use B-ch WM Move cycle 15. 49, 04 

Input cycle 

24. Develop assembly controls. If the internal end-of-transfer is detected, use 
the full B-channel character. 

Signal Control Logic 

I/O grp mk-WM stop ctrl E-ch ovlp -in -process 13.65.04 

E-cycle 
or 
E-ch unovlp-in-process 
E-cycle 
R-symbol op modifier 
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Signal 



Control Logic 



Use Full B-ch I/O grp mk-WM stop Ctrl 15. 49. 05 

B-ch group mark-WM 
Input cycle 
(not) 1401 card print in-process 

25. Develop assembly controls. If the CPU is in the last input cycle, use the full 
B-channel character. 



Signal 



Control 



Loqic 




13.63. 


02 


15. 49. 


05 


15. 49. 


05 


15.49. 


05 


15. 49, 


.04 



Any last input cycle E-ch last input cycle 

Any last in cycle not 1401 Any last input cycle 

(not) 1401 mode 

Use B-ch nu Any last in cycle not 1401 

Use B-ch zones Any last in cycle not 1401 

Use B-ch WM Any last in cycle not 1401 

26. Reset the E2 full latch after each input cycle. 

Signal Control Logic. 

Reset E2 full latch Any last gate 15. 62. 05 

E-ch cycle 
In cy GM-WM Ctrl 
2nd clock pulse (inverted) 

27. After both internal and external transfers end, develop a sample pulse for 
setting the E- channel -status indicators. 

Signal Control Logic 

E-ch int end-of-tfr delayed Logic gate Z 13. 65. OS 

E-ch int end -of -transfer 

E-ch status sample B E-ch ext end-of -transfer 13. 65. OS 

E-ch int end-of -trf delayed 
Logic gate Z 
2nd clock pulse 1 (inverted) 

28. Set the E-channel wrong-length-record status indicator, if the record length 
was incorrect. 

Signal Control L°9 ic 

E-ch wrong-length record E-ch status sample B 13. 63. 03 

E-ch strobe trigger 

or 
E2 reg full 

or 
(not) E-ch end-of -record latch 
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29. Set the E-channel data-check status indicator, if any error occurred during 
the transfer. 



Signal 
Errors 2 



FT errors 



14C5-A ext error status 

Buffer error 
E-ch check bus 

E-ch check 



Control 

Pwrd clock error 

or 
Ring error to error latch 

or 
Parity 1 

or 
Parity 2 

Errors 2 
PT rd scan 

or 
Parity error to adapter 

or 
PT, ready-error 

PT rdop 
PT errors 

14C5-A ext error status 

Buffer error 

E-ch select any buffer 

E-ch check bus 
E-ch status sample B 



Logic 
52.12.01 



55. 10. 06 



55. 10. 04 

51.40.21 
12.62.03 

12.62.04 



30. Continue with the stored program. If the command is unoverlapped, set last 
execute cycle and reset the unoverlap-in-process latch. 



Signal 

Last execute cycle I/O 

E-ch second sample B 
E-ch status sample B-delay 



(Reset) E-ch unovlp-in- 
process 



Control Logic 

E-ch unovlp-in-process 13.65.07 

(not) 1401 card or print op code 
E-ch status sample B 

E-ch status sample 3 13. 65. 05 

2nd clock pulse (inverted) 

E-ch second sample B 13. 65. 05 

2nd clock pulse (inverted) 

E-ch status sample B-delay 13. 60. 04 



31. Continue with the stored program. If the command is overlapped, reset the 
overlap-in-process latch. 



Signal 

(Reset) E-ch ovlp-in- 
process 



Control 



E-ch status sample B-delay 



Logic 
13. 60. 04 
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3. 4. 00 CHECKING FEATURES 

3. 4. 01 Parity Check (Logic 51. 18. 01) 

Information is stored in the integrated- synchronizer core- storage unit in odd- 
parity form. That is, every character must contain an odd number of bits. The 
bits that are set up at the inhibit driver inputs are switched to two parity check 
triggers (Figure 3. 4-1). Both triggers are reset OFF at the beginning of each 
memory cycle. Binary trigger inputs allow each trigger to flip ON and OFF with 
successive oet pulses. The C, A, 4, and 1-bits are switched to the upper trigger 
at 6, 7 , 8, and 9-times, respectively. The B, 8, and 2-bits are switched to the 
lower trigger at 6, 7, and 8-times, respectively. On a serial device, the 8th or 
control bit must be considered in the parity check of each character. This 8th 
bit is accounted for by an entry to the lower trigger at 9 time. If there is an even 
number of bits at the inhibit-driver inputs, the two triggers are either both ON or 
both OFF at ten time when the error sample occurs. An odd number of bits causes 
the triggers to be opposite (not both on or off) when they are tested at ten time, in 
order to prevent an error. 

3.4.02 Ring Check (Logics 51. 31. 02, 51.32.02) 

A ring-check circuit maintains a constant check on the proper progression of the 
units and tens-ring triggers. For each ring, there is a check trigger driven by 
the corresponding-ring drive pulse. Each check trigger has a binary input; there- 
fore, each incoming drive pulse flips the trigger to the opposite state. The outputs 
of the check triggers are compared with the outputs of the corresponding ring trig- 
gers. The check triggers should be ON when the even-numbered ring triggers are 
ON, and OFF when the odd numbered triggers are ON. Any deviation from this in- 
dicates incorrect ring progression and produces a ring check (Figure 3. 4-2). 

The ring check, in addition to resetting all ring triggers, sets the check latch 
of the unit that is being addressed when the error is detected. For example, if a 
ring check occurs during a punch scan, the punch-check latch is set. 

3.4.03 Clock Check (Logic 51. 30. 01) 

The clock check circuit detects any incorrect progress of the clock triggers. Clock 
pulses drive a binary-input check trigger. Because the memory cycle has an odd 
number of pulses, the check trigger resets ON at zero time of each memory cycle. 
The check trigger(reset ON at zero time) is ON at 0, 2, 4, 6, 8, and 10 times, and 
OFF at 1, 3, 5, 7, and 9 times. The outputs of the even-numbered clock triggers 
are compared with the on output of the check trigger. The outputs of the odd-num- 
bered clock triggers are compared with the OFF output of the check trigger (Figure 
3.4-3). 

If a clock check occurs, the clock triggers are reset and allowed to restart. In 
addition, the check latch of the unit that is being addressed is set to indicate a data 
error. 
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Figure 3.4-2 Ring Check 
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3. 4. 04 Hole-Count Check 

Operation 

To insure integrity of card input-output data, the IBM 1410 uses a hole-count check 
circuit that consists of eight 80-core planes and their associated circuitry. Four 
of these are used by the card reader and four are used by the card punch. These 
planes are labeled Upper X and Upper Y, and Lower X and Lower Y for each ma- 
chine. 

Hole counting by the card reader is a comparison of the number of holes that 
are counted in each card column at the two read stations. Essentially, the machine 
counts the holes in each column of a card when it is read at the read-check station. 
It then subtracts the holes in each column from the same card when it reaches the 
read station. The result should always be zero, because the same number of holes 
should be read at both read stations. 

There are two hole-count check cores that are associated with each read-one 
and read-two-row bit-core position. 

The upper Y (UY) and lower Y (LY) cores do the counting at the read-check 
station. The upper X (UXjand lower X (LX) cores count the information from the 
read station. 

At the beginning of the card feed cycle, all cores are in the 0- status. During 
every read scan, all 80 positions of the check cores are successively addressed 
and are set with the required hole-count information. 

The first hole in each card column that is sensed at the read-check station 
causes both Y-cores associated with that column to flip. Thereafter, the UY-core 
remains unchanged, while the LY-core status is reversed with each successive 
hole that is read in its respective column. At the end of the first card-feed cycle, 
the reader Y-planes define two conditions for each card column: whether a hole 
was read (UY), and whether the total count was odd or even (LY). At reader-9- 
time during the next card-feed cycle, the contents of all 80 UY and LY cores are 
transferred to the X-plane circuits. As the card passes the read brushes, the 
punched card data combines with the transferred Y -plane data. The result, at 
reader- lZ-time, is a 0-status of all cores in the X-planes. 

Logic (Figures 3. 4-4 and 3. 4-5) 

The memory cycle, that contains both read and write times, controls the status of 
the check cores. As each hole-count check position is addressed, the cores that 
are associated with that position read out in order to set data registers. The core- 
controlling circuit analyzes the read data along with incoming data from row-bit 
storage, and determines whether the core should be set or inhibited on the write 
portion of the cycle. This takes place 80 times for each of the 12 rows of informa- 
tion in a card. 

Circuits (Figures 3. 4-6 and 3. 4-7) 

The card with an L (11-3) punched in card column Z is read in and checked by the 
card reader. The following discussion is based on a no-error condition. 
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Figure 3.4-4 Hole-Count Check Example 
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Figure 3.4-5 Hole-Count Check Logic 
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At reader-9-through-4-time, no holes are read from the card. At reader-3- 
time, during the second memory cycle, the three punch from card column two 
is read out of read-one-row bit-storage (position two), and is switched to set 
both UY and LY cores for that position. Both cores must be set, because this 
is the first hole that is read in that column. 

Signal Control Logic 

Data reg out 1st rd Read pulse 010-040 51. 10. 01 

Hole-ct to inh drvr up Y Data reg out 1st rd 51.14.01 

Hole-ct to inh drvr lwr Y Data reg out 1st rd 51.14.01 

(not) Data reg out LY 



2. During the second memory cycle of read-scan 11, position two of UY is regen- 
erated, and the input to LY-core for position two is blocked, because this is 
the second hole that is read in that column. 



Signal 



Control logic 



Data reg out 1st rd Rd pulse 010-040 51. 10. 01 

Hole -ct to inh drvr UY Data reg out UY 51. 14. 01 

or 
Data reg out 1st rd 

(not) Hole-ct to inh Data reg out LY 51.14.01 

drvr LY 

At reader-9-time of the second card-feed cycle, the contents of all Y-cores are 
transferred to the respective X-cores on successive memory cycles. Before 
setting the X-cores, the Y-data is combined with any read-two-row bit-data 
that is present. In this case, however, no holes are read at 9-time, so that 
there is no read-two bit-data. 

Signal Control Logic 

Y A Trf Rd scan 52. 10. 05 

Re ad -9 -time 
Read pulse 010-040 

At 3-time of the second card-feed cycle, the read-two-row bit-data from card 
column two combines with position-two X-core-data to prevent setting of posi- 
tion-two-UX, and to set position-two- LX. 

Signal Control Logic 

Data reg out 2nd rd Rd pulse 010-040 51. 10. 01 

(not) Hole-ct to inh drvr Data reg out up X 51. 14. 01 

up X Data reg out 2nd rd 

Hole-ct to inh drvr lwr X Data reg out lwr X 51. 14. 01 

(not) Data reg out 2nd rd 
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Logic 




51. 10. 


01 


51. 14. 


01 


51. 14. 


01 



5. At reader- 11 -time of the second card- feed cycle, the read-two-row bit-data 
combines with X-data to block the setting of both UX and L,X cores for position 
two. 

Signal Control 

Data reg out 2nd rd Rd pulse 010-040 

(not) Hole-ct to inh drvr up X (not) Data reg out up X 

(not) Holc-ct to inh drvr lwr X Data reg out lwr X 

Data reg out 2nd rd 

6. To detect a hole-count error, the output of reader X-plane switching is tested 
at 12-time in order to determine whether any cores are to be set (any X-core 
set after 12-time indicates a hole-count error). 

Signal Control Logic 

Hole -ct chk gate Rd req rd scan 52.10.06 

Reader 12 time 

(not) Hole-ct err (No data from chk cores) 51. 14. 01 

The hole-count check circuit for the card punch is similar to that for the card 
reader. The same switching circuits and data registers are used by both reader 
and punch, because only one scan can occur at any given time. The differences lie 
in the sources of hole-count input data, and the times when the scans occur. 

The punch, instead of having two reading stations, has one punch station and 
one read station (Figure 3. 4-8). BCD data from the punch buffer is decoded into 
the IBM card-code for punching. At the same time, the BCD data feeds through a 
bit generator (Logic 51. 13. 01) to translate the information into row-bit form. The 
punch data, now in row-bit form, becomes one source of information for the hole- 
count check circuit; it is comparable to read-one-row bit data from the card reader. 
The other source of information that is used for the count comparison is the row- 
bit data from the punch check brushes. This is comparable to card reader read- 
two-row bit-data, and is read exactly one card feed cycle after it is punched. The 
punch hole-count circuit (Figure 3. 4. 8), detects any error in punch decoding, or 
any failure to punch the required holes. 

In order to punch holes in a card, the punch magnets must be set up before 
actual punching time. This means that the first scan takes place before 12-time of 
the punch cycle. At this time, the 12- row of the card at the punch- check station 
has not been read and therefore cannot enter into the hole-count check circuits. 
The 12-row data are scanned out of row-bit storage during the second punch scan, 
or while the 11 -row is being set up to punch. Consequently, hole -count data from 
the punch-check brushes are always one cycle-point late with respect to the punch 
hole-count data. At 9-time, the 9-row is set up in the punch magnets, and the 8- 
row card data is scanned out of row-bit storage to the hole-count check circuit. In 
order to complete the hole-count check, an after-9-cam initiates an extra or thir- 
teenth scan. This additional scan allows the 9-row card data to be scanned out to 
the hole-count check circuit to complete the check. ?? , 
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Figure 3.4-9 Reader Validity Check 
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3. 4. 05 Reader Validity Check 
Operation 

An IBM card, with its 12 punching positions per column, can contain a great number 
of punch combinations. Of these, only 64 are recognized as representing valid 
characters. All other combinations are considered invalid. The reader validity- 
check circuit analyzes each character as it is being coded. The sensing of any in- 
correct character coding results in an invalid- card code signal. 

During each read scan, information that is scanned out of row-bit storage com- 
bines with information that is scanned out of the read buffer in order to determine 
the validity of all characters while they are being developed. This check must be 
performed during every memory cycle of each read scan, because the machine 
reads in a parallel manner by row and serially by card hole. 

The reader validity- check circuit consists of three sections. Each can detect 
a different type of coding error (Figure 3. 4-9). The conditions that each section 
must meet determine the validity of each character, as follows: 

1. Section A. When coding any punches from 9 through 2, the addressed position 
of the read buffer should not already contain a 4, 2, or 1-bit. 

2. Section B. When coding a 1- or 9-punch, the addressed position of the read 
buffer should not already contain an 8, 4, or 2-bit. 

3. Section C. When coding an 11- or 12-punch, the addressed position of the read 
buffer should not already contain an A- or B-bit. 

Any invalid-card code is detected by one of the three sections. This results in 
an invalid- card code signal. 

Read-request, read-scan and bit X-signals develop the encode-bit X signal. Bit 
X represents read-two-row bit-data. 

Circuits 

A card column that contains a 9- and an 8-punch is checked to indicate a validity 
error. 

The 9-punch from row-bit storage feeds to the validity- check circuit and is called 
bit X - No error is indicated because there are no bits in the addressed buffer 
position. 

Signal Control Logic 

Encode Rd re q. r d scan 52. 10. 05 

Encode bit X Encode 51.12.01 
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At reader-8-time, the 8 from row-bit storage (bit X) combines with the 8-bit 
and 1-bit from the addressed buffer position to produce an invalid-card core sig- 
nal. 

Signal Control j£31£. 

Invalid-card code Bit X, data reg out 1-bit 51. 12. 01 

and read CBS. 
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4.0.00 PRINT STORAGE 



4. 1. 00 PRINTER CONTROL (Figure 4. 1-1) 

This section explains the circuitry in the IBM 1414 Input-Output Synchronizer that 
is necessary to control printing and carriage operations. For information on prin- 
ciples of operation of the printer and carriage, refer to IBM 1403 Customer Engi- 
neering Manual of Instruction , 225-6492. ~ 

4. 1. 01 Printer Core-Storage Unit 

Print storage is an 11 -plane, 132-position, core- storage unit. Information to be 
printed is placed in print storage during a read- in operation. When read-in is 
complete, a scan-out operation reads the stored print- information at the speed 
and in the order that the IBM 1403 Printer requires. Seven core planes (C, B, A, 
8, 4, 2, 1) store characters in the modified BCD code. The remaining four planes 
(hammer-check, print-line-complete, equal-compare, and hammer -fire row bits) 
detect print errors. 

Each core plane contains ten rows of 16 cores, for a total of 160 cores per 
plane. Of the 160 total positions only 100 or 132 are used, depending on the print 
positions that the printer has available. Each print position is represented by 11 
cores, one in each plane. 

Print storage uses the integrated- synchronizer clock as the source of pulses 
and gates. 

On a read-in operation, print information is translated to the modified BCD 
code that the printer requires. The translated characters are placed in print 
storage in the seven data-bit planes of the addressed position. An odd-bit parity 
check is made of the modified BCD characters. Each character is also tested to 
determine whether it can be printed. The CPU recognizes 64 valid characters, but 
the printer can print only 51 characters (on 48 type characters). 

Scan-out occurs after read-in is complete. As each position is addressed, the 
information in the cores reads out to set the data register latches. If the charac- 
ter that reads out corresponds to the type character that is aligned at the print po- 
sition, an Equal Compare results and the hammer fires. After the compare opera- 
tion, the character is placed back in storage until the next print scan. 

The core array is arranged physicaUy and electrically in such a way that infor- 
mation from the CPU reads into sequential print storage positions (1, 2, 3, 4, etc). 
When this information is to be printed, it is scanned out in address increments of 
three (1, 4, 7, 10, etc), as the printer requires. 

Addressing Rings 

Three rings control core-storage addressing (Figure 4. 1-2). The rings are called 
the threes , fives , and tens rings from the number of positions they contain. The 
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tens ring selects a row of cores in one direction. The threes and fives rings to- 
gether select a row of cores in the other direction. The coincidence of the two 
selected lines produces a selected-character position. 

For example: assume that core position 1 is to be selected. The 0-position of 
the tens ring selects the tens row that contains core -position 1. The first position 
of the fives ring selects three lines in the other direction. Of the three lines, the 
core driver actuates only one. The output of the threes ring selects the correct 
core driver. 

When core position 1 is selected, position 2 can be addressed by advancing the 
threes ring to the next position. When the threes ring advances to position 3, it 
selects core position 3. The next pulse to the threes ring causes position 1 to come 
back ON. However, going from position 3 to position 1 develops a threes-ring 
carry that, when fed to the tens ring, causes the tens ring position 1 to come ON. 
With position 1 ON in all three rings, core position 4 is selected. When the tens 
ring carries, the fives ring advances. Therefore, on a print- storage read-in, the 
rings advance in 3-10-5 order. 

Scan-out of print information to the printer requires that every third characterbe 
read out to correspond with every third hammer in the IBM 140 3. Reading out in 
address increments of three occurs when the rings advance in a 10-5-3 fashion. 
That is, the tens ring advances every time a character is to be read out. The fives 
ring advances on a tens ring carry. The threes ring advances on a carry from the 
fives ring. 

Drive Scheme 

The core array uses separate read and write core drivers. Because of the separate 
drivers, separate lines must be used for reading and writing. Figure 3. 1-4 iden- 
tifies the six lines through each core. The read and write windings pass through the 
cores in opposite directions. A row-bit core is also shown. 

Eight current drivers supply current through the core windings for reading and 
writing (Figure 4. 1-3). There is one read and one write driver for the ten (TO 
through T9) tens switches. The fives switches require three read- and three write- 
current drivers (Figure 4. 1-4). 

Figure 4. 1-5 shows the basic timings of the print-storage circuit. At the be- 
ginning of the cycle, the ring-advance pulse addresses a particular position. The 
read pulse that is supplied by the core drivers flips the cores that were set to in- 
duce a current into the sense winding. The sense-winding current is amplified to 
set a data register latch. Later in the memory cycle, the write pulse sets the 
proper cores. The inhibit pulse for the addressed cores that are not to be set can- 
cels the effect of the write pulse. 

R e ad - in 

Information is gated to the print- storage input on a read-in operation. The infor- 
mation is first translated to: 
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1. develop the modified BCD code that the printer requires. 

2. determine whether the character is printable. 

One character in the modified BCD code is placed in print storage on each 11- 
microsecond memory cycle. Each character that is defined as being printable 
sets the core for that position in the print-line complete plane. The information 
in this plane is used to detect errors during scan-out. The modified BCD charac- 
ters are checked for odd parity. Only eight of the eleven planes can be set during 
read-in. The other three are used for checking during scan out. 

On a read-in operation the threes ring advances at the beginning of every mem- 
ory cycle. The tens ring advances at the beginning of every third cycle (threes - 
ring carry). The fives ring advances every 30th cycle (tens-ring carry). Each ring 
is gated to function as a closed ring until position 132 is reached (Logic 53. 23. 01-02). 
Position 132 stops the rings from advancing and gates the home trigger ON. 

With machines that have only 100 print positions, all 132 are read in and scanned 
out. On Logic 53. 11. 05, C-bits are inserted during read-in in all positions after 
print position 100, in order to prevent parity errors while sensing out. 

Scan-Out 

During a scan-out, characters are read out in address increments of three on suc- 
cessive memory cycles. All eleven cores read out of each addressed position dur- 
ing the read portion of the memory cycle. The six data bits feed to the equal- 
compare circuitry to determine whether the correct type- character is aligned to 
the addressed print position. The data bits that are read out during the read por- 
tion of each memory cycle are regenerated during the write portion of the cycle, 
so that the characters will be available on successive print scans. The error- 
detection cores (equal-compare, hammer-fire, and hammer-check) are set up on 
each memory cycle. They are not tested until one print-scan later. That is, 
print-scan 20 is not tested for error until print-scan 21, etc. In order to test 
print- scan 48 (the last print- scan) for errors, an additional or 49th scan must be 
taken. For conditions that are recognized as errors see section 4. 3. 03 Print- 
Error Detector. 

On a scan-out operation, the tens ring advances at the beginning of each mem- 
ory cycle. The fives ring advances every ten cycles (tens-ring carry). The threes 
ring advances every 44 cycles (end of subscan). 

Three ring-advance triggers provide the pulses necessary to control the ad- 
vance of the three rings (Logic 53. 23. 02). 

4. 1. 02 Type Synchronization 

Timing drum pulses are amplified and used to develop the print subscan and home 
pulses (Figure 4. 1-6). The print subscan (PSS) pulse occurs whenever a type 
aligns at one of the first three printing positions. The home pulse occurs when the 
type character 1 aligns at print position 1. 
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The PSS pulse drives a three-position closed PSS ring. The outputs of the ring 
triggers (called PSS-1, PSS- 2, and PSS- 3 pulses) identify the subscan that is taking 
place. 

There are 49 print-scans within any print line. A six-position print-scan 
counter advances at the beginning of each print-scan along with the PSS-1 pulse to 
count the number of print-scans (Logic 53. 32. 01). 

The printer circuitry uses a compare counter to identify the type- character 
that is eligible to print. The compare counter is a six-position, alphameric 
counter. Its six positions represent the six data bits of a character. The counter 
advances so that its contents always define the type -character in position to print. 
The following chart shows the activity of the compare counter during a print -scan. 



Print Time 


Scan Time 


Previous 


Counter 
Activity 


Resultant 


Character 


Character 




Print-Scan 1 
Print-Scan 2 


PSS-1 mem cycle 1 

(home pos) 
PSS-1 mem cycle 2 

PSS-1 mem cycle 44 
Between PSS-1 & PSS- 2 

PSS-2, mem cycle 1 
PSS -2 mem cycle 2 

1 
PSS-2 mem cycle 44 
Between PSS-2 & PSS- 3 

PSS -3 mem cycle 1 
PSS -3 mem cycle 2 
PSS- 3 mem cycle 44 
Between PSS- 3 & PSS-1 

PSS-1 mem cycle 1 


1 

1 

A 

C 

1 
2 

\ 

B 
D 

2 

3 
C 

E 

1 


Reset to 1 

Advance by 2 

\ 
Advance by 2 
Advance by 2 

5 times 
Advance by 1 
Advance by 2 

\ 

Advance by 2 
Advance by 2 

5 times 
Advance by 1 
Advance by 2 
Advance by 2 
Advance by 2 

4 times 
Advance by 1 


1 

3 

1 

C 

1 

2 
4 

1 

D 

2 

3 
5 
E 
1 

2 



When not printing, the compare counter advances by one with each PSS-1 pulse. 
This provides constant identification of the character at print position 1. A print 
line can begin with any character at print position 1. The home-reset pulse resets 
the compare counter to 1 to synchronize the type chain and the compare circuitry. 

A subscan is approximately 555 microseconds long. Scanning 44 print positions 
requires only 484 microseconds (44 memory cycles). A delay latch is set at the 
end of 44 memory cycles and is reset with the start of the next subscan. The delay 
time is used to prepare the compare counter for the next subscan by bringing up an 
advance -by -two gate. This gate is up for one memory cycle (Logic 53. 33. 05) to 
allow the required number of advance -by -two pulses to reach the compare counter. 
The counter-advance pulses are developed on Logic 53. 33. 06. 
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4. 1. 03 Print- Equal -Compare and Hammer-Fire 

To print the correct character in any position, the printer circuitry must be able 
to detect when the type-character that is aligned to a print position is the same as 
the character from the corresponding print storage position. A compare matrix 
(logic 53. 34. 01-02) compares the bits from the print-storage data register with 
the bits from the compare counter. If the bit structure of the two characters is 
the same, the hammer driver for that position is impulsed, and the character is 
printed. The equal-compare and the hammer-fire row-bit cores (for the addressed 
position) are set to provide information for error detection on the following scan. 

The same three-ring-addressing scheme that selects storage positions is used 
to select hammer drivers in the driver matrix. A driver can be selected but it is 
not fired unless an equal-compare condition exists. The chain is moving when 
printing occurs. Therefore, all hammers should energize for the same length of 
time for proper print alignment. A latch-type hammer driver produces a timed 
hammer -magnet impulse for approximately 1. 5 milliseconds. The driver-set im- 
pulse that an equal-compare condition produces initiates the hammer -magnet cur- 
rent. This current continues until the reset pulse arrives. Ideally, each hammer 
driver would have its own reset pulse timed to occur exactly 1. 5 milliseconds after 
the set pulse. However, this accuracy is not necessary and six timed-reset pulses 
reset all of the hammer drivers. The resets provide nominal 1. 5 millisecond 
hammer -magnet impulses. Figure 4. 1-7 shows the development of the six reset 
pulses. 

4. 1. 04 Printer Move-Op Code 

Op Code Function (O XXX BBBBB d) 

The printer-move Op code transfers a 132-character record from the CPU storage 
unit to print storage. If the transfer is correct the 1403 printer prints the infor- 
mation in print storage. 

Operation (Figure 4. 1-8) 

Instruction read-out causes the instruction word characters to be placed in various 
registers in order to control execution of the printer -move Op code. 

At I-Op time, the M reads out and is placed into the Op register. The M dis- 
regards word marks over characters in storage. This instruction is not given in 
the load mode, because the 1403 cannot print word- separator characters. 

The I-ring advances to 13 and the hundreds position of the X-control field (chan- 
nel-select character) reads out. The I-ring advances to 13 and the character is 
placed in the I/O channel-select register. Because the printer is assigned to the 
E-channel, this character is either a % for unoverlap or a @ for overlap. At 13 
time, the CPU tests the E-channel move and load latches. One of these latches 
was set ON with the last E-channel I/O instruction, and should have been turned 
OFF with an Rid command. If either of these latches is ON, it indicates that the 
program failed to test the E-channel status -indicators since the last E-channel 
I/O instruction; and the I/O interlock sets to stop the CPU. If there is no I/O 
interlock, instruction read-out continues. 
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At 14, the E-channel status -indicator latches and the E-channel control latches 
reset in preparation for the execution of the print Op code. Unit-select character 
2 reads out and is placed into the E-channel unit-select register. The 2 in the unit- 
select register addresses the printer, and gates the printer status to the CPU in 
preparation for setting the status indicators later in I-phase. 

At 15 time, the unit-number character reads out and is placed in the E-channel 
unit-number register. If the character is a 0, word marks are disregarded, and 
only characters transfer. If the unit-number character is a 1, assembly controls 
are set up to convert WM's to numerical l's. Every other character is changed to 
a C-bit, which prints as a blank. 

At 16 through 110, the address of the high-order position of the record to be 
punched reads out and is placed in the B- and D-address registers for an unover- 
lapped command, or in the B-, D- and E-address registers for an overlapped com- 
mand. The B-address register scans the storage-output field on an unoverlapped 
transfer, while the E-address register scans the storage-output field. 

The Op modifier character reads out at 111 time and is set into the Op modifier 
register. For the printer Op code, the Op modifier character is a W to specify a 
write, or output, operation. 

The CPU normally takes another I- cycle to search for the word mark in the 
next position. During this last instruction read-out cycle, a status sample A- 
pulse develops to set the appropriate status indicators with the status of the printer. 
Printer Not Ready , Printer Busy or Error-on-Previous-Print-Line set respectively 
the E-channel-not-ready, E- channel-busy, and E-channel- condition status indica- 
tors. If any of these indicators are set at this time, the CPU does not execute the 
instruction. Instead it reads out the next instruction in sequence. The print- 
error circuit is reset following the status sample A-pulse, because the error is now 
stored in the E-channel-condition status indicator. If no indicators are set at 
status sample A-time, it indicates that the printer is able to execute the command. 

If the command is overlapped, the Op register, Op mod register, and the I/O 
channel- select register must be free to accept the characters of the next instruc- 
tion word. The information in these registers is translated and stored in the E- 
channel move or load, and input or output latches to control the execution of this 
I/O command, while the registers are free for the following instruction. This 
takes place at 112 or last-instruction- read-out cycle. 

A delayed status sample A-pulse sets either the overlap or unoverlap-in-process 
latch (providing no indicators are ON) and the print- storage circuitry is conditioned 
to accept the record to be printed. 

E-cycles are required to transfer characters from core storage to the E-data 
registers. The CPU takes E-cycles as required to keep both El and E2 registers 
full. The print-storage clock runs continuously to write the E2 characters into 
the addressed print-storage positions. At the end of each print-storage memory 
cycle, the CPU is notified that another character is required in the E2 register. 
The character in El transfers to E2 and an E-cycle is taken to refill El. 
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The print- storage memory cycle is 11 microseconds. E- cycles on this Op code 
are 5.25 microseconds long. During the time when both E-registers are full, no 
E-cycle is required and the CPU clock stops. When the group-mark with a word- 
mark is sensed, it is not set into El. Further E-cycles are prevented and the end- 
of-record condition occurs. The character remaining in E2 when the end-of-record 
condition occurs is the last or 132nd character. It is written into the last or 132nd 
position of print storage to define the external end-of-transfer . If there is a wrong- 
length-record condition, the E-channel wrong-length-record status indicator is set. 
An error in the printer circuitry (parity or clock error) sets the E-channel data- 
check status indicator. Either indicator ON causes the CPU to read out the next 
instruction. Failure to print the line is detected when the Rid command occurs 
later in the program. 

If there are no indicators set, the printer starts and the next instruction reads 
out. 

A 100-print-position 1403 requires special circuitry to prevent parity errors 
and to make the wrong-length-record check effective. The entire print storage 
(132 positions) is read into, and scanned out of, regardless of the number of print 
positions in the 1403. However, the transfer from the CPU to print storage of a 
100 print -position machine must be 100 characters in length, and a group mark 
with a word mark must be in the 101st storage position. To prevent parity errors 
at the extra print-storage positions (101-132), a C-bit insert-circuit detects when 
print-storage position 100 is addressed, and it inserts C-bits in all subsequent 
positions . 

For a 100-position printer, the circuitry that detects wrong-length-records 
is signalled when print storage has reached position 100, because each record trans- 
ferred from the CPU must be 100 characters in length. If the group-mark with a 
word-mark is in any other than the position to the right of the 100-character record 
in core storage, the E-channel wrong-length status indicator is set. 

Circuits 

Op- code grouping lines are: 

Percent type op codes 

Not addr dbl op codes 

2 Addr plus mod op codes 

2 Address op codes 

Addr type op codes 

No index on 1st addr ops 

No-branch op codes 

M or L op codes 

1. Gate the printer status to CPU. 

Signal Control Logic 

E-ch select any buffer E-ch select unit 2 13.60.03 

(not) Buffer ready Forms not -ready status. 51. 40. 18 

Print not-ready status 
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Signal 

(not) E-ch ready bus 

Busy 

E-ch busy bus 

Buffer conditions 
E-ch condition bus 



Control 

Buffer ready 

E-ch select any buffer 

Forms busy status 
Print busy status 

Buffer busy 

E-ch select any buffer 

Print-error status 

Buffer conditions 
E-ch sel any buffer 



2. Set the E-channel status indicators. 



Signal 

E-ch status sample A 

E-ch not ready 
E-ch busy 
E-ch condition 



Control 

M or 1 op codes 
I/O percent latch 
112, LCD 

(not) E-ch ready bus 
E-ch status sample A 

E-ch busy bus 

E-ch status sample A 

E-ch condition bus 
E-ch status sample A 



Logic 
12.62.01 

51.40. 19 

12.62.02 

51.40.20 
12.62.03 

Logic 
13.65.06 

12.62.01 
12.62.02 
12.62.04 



3. If any indicator is set at status sample A-time, go on to the next instruction 
in sequence. 



Signal 

E-ch correct -length record 



E-ch any status (on) 
Last-execute -cycle I/O 

Last-execute cycle 



Control 

Set E-ch condition 

or 
Set E-ch busy 

or 
Set E-ch not ready 

E-ch correct-length record 

E-ch any status (on) 
I/O percent latch 
Last insn RO cycle 
(not) File op 

Last -execute cycle I/O 



Logic 
13.63.03 



13.72.05 
13.65.07 

12.12.51 



4. If the condition latch is ON, reset the print-error latch. 

Signal Control Lo gic 



E-ch status sample A-delay Logic gate E 

B-ch WM 



13.65.06 
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Control 



Logic 



Reset select buffer latches 

Reset CPU 
Printer error (off) 



M or L op codes 

I-ring 12 time 

(not) E-ch select unit F 

Percent or coml at 

I-cycle 

E-ch condition 

E-ch select any buffer 

E-ch status sample A-delay 

Reset select buffer latches 

Select unit 2 powered 
Reset CPU 



5. If no status indicators are ON, request an E-cycle. 



Signal 

E-cyclc required 



E-cycle control 



1 3. 70. 04 

51.40.06 
53.12.01 



Logic 
12.12.62 



Control 

E-ch output mode 

(not) E-ch int end-of -transfer 

(not) El reg full 

(not) E-cycle any last gate 

E-ch-in-process 

E-cycle required 

2nd clock pulse 

Logic gate Z 

(not) E-ch int end-of -transfer 

(not) F-cycle required 

Start the appropriate logic clock and transfer the contents of the proper ad- 
dress register to STAR. If the instruction is unoverlapped, start the normal 
logic clock (A-K) and read out BAR. 



12.12.66 



Signal 


Control 


Logic 


(start logic clock) 


E-cycle required 
E-ch unovlp-in-process 


11.10. 10 


ROBAR 


E-ch unovlp-in-process 
E-cycle Ctrl 

(not) Console inhibit AR RO 
(not) 1st I/O cycle control 
(not) E-ch 2nd addr unovlp 


14.71.31 



7. Start the appropriate logic clock and transfer the contents of the proper ad- 
dress register to STAR. If the instruction is overlapped, start the logic clock 
extension ring (R-Y) and read out EAR. 



Signal 

(start logic extension 
clock) 



Control 

E-cycle required 

E-ch overlap-in-process 



Logic 
11. 10. 20 
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Signal 
ROEAR 



Control 

E-cycle Ctrl 

E-ch ovlp-in -process 

(not) Console inhibit AR RO 



Logic 
14. 71. 35 



8. Take an E-cycle to read out the addressed character. 
Signal Control 



E-cycle 



E-cycle Ctrl 
Logic gate B or S 



Logic 

12.12.66 



9. If the unit number in the instruction word is 0, gate the B-channel character 
through assembly. 

Control 



Signal 
Output-field cycle 

Use B-ch nu 

E-ch select odd-parity unit 
Odd parity cycle 

Use B-ch zones 

Assembly ch bit 



E-ch cycle 

E-ch select unit 2 

E-ch unit nu 

Output cycle 
Output -field cycle 

E-ch sel unit 2 

B-cycle 

I/O percent of lozenge 

E-ch select odd-parity unit 

Output cycle 
Output-field cycle 
Odd-parity cycle 

Use B-ch num 
Use B-ch zones 
B-data reg bit 



Logic 
IS. 49. 04 

15. 49. 05 

13.60.03 
13.60.02 

15. 49. 05 

15.50.01-10 



10. If the unit number in the instruction word is 1, insert 1 bits for WM's and 
C-bits for everything else. 



Signal 

Output WM cycle 

Assembly ch nu one insert 

Use no numerics 

Use no zones 



Use no numerics and 
use no zones 



Control Logic 

E-ch cycle 15, 49. 02 

E-ch select unit 2 
E-ch unit number 1 

Output WM cycle 15. 49. 06 

Output cycle 
B-ch WM bit 

Output cycle 15. 49. 01 

Output WM cycle 
B-ch not WM bit 

Output cycle 15. 49. 01 

Output WM cycle 

Combine with B-ch not WM bit to 
produce a C-bit 
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Logic 
15. 62. 07 



11. Gate the assembly-channel character to El input. 

Signal Control 

Gate asm ch to El input E-ch output mode 

(not) Control reg disable 
(not) 1401 B-op code 

12. If B-channel character is a group-mark with a word-mark, end the internal 
transfer. 



Signal 

B-ch group mark • WM 

E-ch end-of-rccord latch 



E-ch int end-of -transfer 
13. Set the El data register. 

Signal 
Set El 



14. Transfer El to E2. 
Signal 
E-ch reset 



El reg not word separator 
Copy El BCD to E2 
E2 reg full latch (off) 
Set E2 reg 

E2 reg full latch (on) 

El reg full latch (off) 



Control 

B-ch 1- 2 -4- 8- A- B -WM 

E-cycle 

B-ch GM • WM 

Logic gate F 

W-symbol op modifier 

(not) 1401 cd-print-in-process 

or 
E-cycle 
B-ch GM.WM 
Logic gate W 

(same as E-ch end-of -record) 



Control 

E-cycle 

E-ch output mode 

(not) E-ch 1st char 2nd addr 

B-ch not group mark • WM 

Logic gate F or W 



Control 

I-ring 4 time 
Percent or coml at 
Logic gate C 

E-ch reset 

El reg not word separator 

E-ch reset 

El reg full latch (on) 
E2 reg full latch (off) 

E-ch output mode 
Set E2 reg 

El reg not word separator 
Set E2 reg 



Logic 

15.41.07 

13.63.01 



13.63.01 

Logic 
15. 62. 04 



Logic 
15.41. 12 

15.41.11 
15.62.06 
15.41.10 
15. 62. 04 

15.41. 10 

15.41.10 
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When the El reg full latch is turned off, the E-cycle required is brought up to 
cause another character to read out and be gated to the El register. 



15. Request a print-transfer scan. 



Signal 

Ready to buffer 

Ready 
Read in 

Print trans 

Trans scan 



Control 

E-ch-in-process 
E-ch select any buffer 
E2 reg full 

Ready to buffer 

Ready 

Ready for CPU transfer 

Select unit 2 

Read in 
(not) CE mode 
(not) C-bit insert 

Print trans 



Logic 
13.70.04 

51. 40. 04 

53.40.01 

53.11.05 
51.40.40 



16. Write the EZ character into the addressed print-storage position. 



Signal 

CPU to I/O sync bit 

CPU to I/O bit 

Inh gate bit 

Write pulse 
17. Set the strobe trigger. 
Signal 
Strobe latch 

CPU to I/O trans 
Buffer strobe 

E-ch strobe trigger 
Reset E2 full latch 

E2 reg full latch (off) 
E-ch strobe trigger (off) 



Control 

E2 reg bit 

CPU to I/O sync bit 

CPU to I/O bit 

070-100 

Control 



Trans scan 
Time 020-030 

Print trans 

Strobe latch 
CPU to I/O trans 
Time 100-000 

Buffer strobe 

E-ch select any buffer 

E2 reg full 

E-ch strobe trigger 

E-ch output mode 

Reset E2 full latch 

Reset E2 full latch 
E-ch output mode 



Logic 

15.60.31-34 
51. 40. 10 
51. 16. 03 
51. 30. 05 

Logic 
51. 40. 43 

51.40.40 
51.40.43 

15. 62. 03 
15. 62. 65 

15.41.10 
15. 62. 03 
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18. After 132 memory cycles, stop scanning print-storage. 



Siqnal 


Control 


Loqic 


Turn off rings latch (on) 


Read in 


53.23.01 


Gate on home trigger 


Turn off rings latch (on) 
Threes ring 3 
Fives ring 5 
Tens ring 3 


53.23.01 


Read in (off) 


Gate on home trigger 
Time 000-010 


53.40.01 


End -of -transfer 


Read in (off) 
(not CE mode) 


53.40.01 


Home trigger 


End-of -transfer 


53.22.01 



Gate on home trigger 



19. Set the external end-of-transfer. 



Signal 


Control 


I/O op 


Select unit 2 


End-of-transfer 1 latch 


I/O op 




Trans scan 


(not) Print trans 


Read in (off) 


(not) Trans scan 


(not) Print trans 


End-of-transfer 2 latch 


End-of-transfer 1 




(not) Trans scan 




Time 090-100 



Buffer end-of-transfer 
E-ch ext end-of-transfer 



End-of-transfer 2 

Buffer end-of-transfer 
E-ch select any buffer 



Loqic 
51. 40. 01 
51.40.12 

53.11.05 
51.40.40 
51.40.12 

51.40.12 
13.42.11 



20. Test for a wrong-length record and set the appropriate E-channel status 
indicator. 



Signal 



Control 



E-ch int end-of -trf delayed E-ch int end-of-transfer 

Logic gate Z 



E-ch status sample B 



E-ch wrong-length record 



E-ch int end-of -trf delayed 
Logic gate Z 
E-ch ext end-of-transfer 
(not) 2nd clock pulse 

E-ch status sample B 
E2 reg full 
or 



Loqic 
13.65.05 

13.65.05 
13.63.03 
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Signal 



Control 



Logic 



E-ch correct -length record 



(not) E-ch end-of -record latch 

or 
E-ch strobe trigger 

E-ch status sample B 1 3. 63. 03 

E-ch end-of -record latch 

(not) El reg full 

(not) E2 reg full 

(not) E-ch strobe trigger 

21. If a print- storage error occurs during transfer, set the E-channel check in- 
dicator. 



Signal 
Printer error 

Print trans error status 

Buffer error 
E-ch check bus 

E-ch check 



Control 

C-bit check 
Pwrd clock error 

Printer error 
Select unit 2 

Print trans error status 

Buffer error 

E-ch select any buffer 

E-ch check bus 
E-ch status sample B 



Logic 
53.12.01 

53.42.02 

51. 40. 21 
12. 62. 03 

12.62.04 



22. If the instruction is unoverlapped, set the last execute cycle. 



Signal 

Last execute cycle I/O 

Last execute cycle 



Control 

E-ch unovlp-in-process 

(not) 1401 card or print op code 

E-ch status sample B 

Last execute cycle I/O 



23. If no indicators are set, start the print operation. 



Logic 
13.65.07 

12.12.51 



Signal 


Control 


Logic 


E-ch second sample B 


E-ch status sample B 
(not) 2nd clock pulse 


13.65.05 


Correct trans to buffer 


E-ch correct-length record 
(not) E-ch check 
E-ch select any buffer 
E-ch second sample B 


13.70.04 


Go 


Correct trans to buffer 


51.40.04 


Scan cell 


Go 


53.40.01 



Select unit 2 powered 
Ready for print or forms 
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24. Reset the print-transfer error (if ON). 



Signal 

Reset sHed buffer latches 

Reset CPU 
Printer error (off) 



Control 

E-ch sel any buffer 
F -ch second sample R 

Reset select bulfer latches 

Re.set CPU 

Select unit 2 powered 




Logic 




13.65. 


05 


13.60. 


04 


13.60. 


04 



25. Reset the overlap or unover lap-in-process latch. 

Signal Con trol 

E-ch status sample B-delay E-ch second sample B 

(not) 2nd clock pulse 

E-ch overlap-in-process (off) E-ch status sample B-delay 

E-ch unovlap -in-process (off) E~ch status sample B-delay 



4. 2. 00 CARRIAGE CONTROL 

4. 2. 01 Carriage Circuits 

Carriage-Control Character Register and Decode 

A forms control instruction is included in stored programs to provide program 
control of carriage spacing and skipping. This instruction sends a single carriage- 
control character (CCC) to the printer circuitry, where the character is gated to 
the CCC register. A decode circuit reconstructs the character from the bits pres- 
ent in the CCC register to determine the operation that is to be performed by the 
carriage. 

The CCC register consists of six latches to store the six data bits, B, A, 8, 
4, 2, 1 (logic 53. 50. 01). The six bits are gated by a CCC register gate that sig- 
nifies that the carriage is ready to accept a character, and that a forms-control in- 
struction is called for. 

Carriage Fast and Stop Controls 

The carriage is a two- speed device. Speed depends on the operation that is being 
performed. All space operations take place at slow speed. The speed of all skip 
operations (including manual restore) is governed by the length of the skip. Skips 
of eight spaces or greater start at high speed. The last seven spaces of any skip 
are made at slow speed. Thus, if a skip is seven spaces or less, it is made at 
slow speed. The condition of the channel latches control skip speeds. Each latch 
is set by the stop brush and reset by the slow brush that corresponds to that posi- 
tion (Figure 4. 2-1). 

Carriage Magnet Control (Figure 4. 2-2) 

There are four carriage magnets, labelled Space On and Space Off, and Skip On 
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Figure 4.2-1 Carriage Fast and Stop Controls 
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Figure 4.2-2 Carriage Magnet Control 
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and Skip Off. For a slow speed operation, the space-on and skip-off magnets 
energize. During a high-speed operation, both on magnets must energize. 

The space-on magnet energizes whenever the carriage is set in motion. The 
skip-on magnet energizes only for skips of eight or more spaces. 

Spacing is accomplished by holding the space-on magnet energized until the 
form moves the required distance (1, 2 or 3 spaces). The space-on magnet re- 
ceives an impulse the duration of which depends on the number of spaces desired. 
The impulse is formed by firing one of three single shots (Figure 4. Z-2). 

With a skip of eight spaces or more, the carriage-fast line is up and the car- 
riage stop line is down (Figure 4. 2-1). This energizes both space-on and skip-on 
magnets. When the slow brush signals that seven spaces remain in the skip, the 
carriage-fast line goes down. This removes, the drive to the skip-on magnet, and 
impulses the skip-off magnet. However, the carriage stop line is still down; this 
maintains the space-on magnet-drive. The skip continues at slow speed until the 
brush senses the addressed tape-channel hole and brings up the carriage stop line. 

With a manual-restore operation, the addressed tape channel is 1, and the 
carriage skips until the hole in channel 1 is sensed. A restore operation can take 
place at either high or slow speed, depending on the distance to be skipped. 

Channel Indicators 9 and 12 (Logic 53. 56. 01) 

Two channels in the carriage tape determine the forms position. Impulses from 
the stop brushes for channels 9 and 12 set latches that the stored program can in- 
terrogate. Sensing holes in tape channels 9 and 12 sets corresponding channel- 
indicator latches. The next hole that is read in any tape channel resets the latches. 

A forms stop interlocks the 1403, and manual intervention is required to restore 
the printer to the ready status. 

4. 2. 02 Forms Control Op Code 

Op-Code Function (Fd) 

A single character is sent to the carriage circuitry to control forms skipping and 
spacing. The bit structure of this character signals the tape-controlled carriage 
either to take a single, double or triple space, or to skip to the next hole in a desig- 
nated tape channel. The spacing and skipping can be executed either immediately 
or after the next print command. 

Operation (Figure 4. 2-3) 

Decoding an F-Op code selects the E-channel to send a single carriage-control 
character (the Op modifier) to the printer circuitry. An I/O interlock check stops 
the CPU, if the E-channel status indicators have not been tested by an RI $ command 
since the last E-channel I/O command. The I/O interlock check develops as follows. 
Every E-channel I/O command turns on either the move or load latch for that 
channel. The latch remains on until it is turned off by an RI ¥ command. The fol- 
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53.50.01 



Impulse Triple Space 
Single Shot 
53.55.01 



Set Manual CCC Reg 
53.50.02 

I 



Set Last Execute Cycle 
Go On To Next Insn 



Set Last Execute Cycle 
Go On To Next Insn 



Immediate/, ^^ Operation \ Af(ef 
Immediate or after Print 
53.54.01 



1 



Yes/ Printing In Process \ No Yes/ Is Print Line Complete \ No 

^ 53.51.06 / ! 1 \ 53.51.06 



Space/ Space / Skip 
' \ 53.54.01 



Single Space \Yes Ng/8 Spaces or More to Go \ Yes 



Triple / Double /Triple 
53.55.01 



Double 



r 



Impulse Double Space 
Single Shot 
53.55.01 



Impulse Single Space 
Single Shot 
53.55.01 



T 



X 



Energize Slow Start 
Magnet 
53.55.02 



X 



( Carriage Moves V— 



Energize Fast Start 
Magnet 
53.55.02 



Sp ace / Space /Skip 

'"""' 53.54,01 



Single Shot Timed Out 



\Yes Yes/ 



jr 



Continue Space Operation 



( Carriage Stops j 



End of Skip 



Continue 5k 



; ppi"9 I 



No / 7 Spaces or Less To Go \ Yes 
53.53.01-02 /~ 



Continue High Speed Skip 

I 



Energize Slow Stop 
Magnet 
53.55.02 



( Carriage Slow Downs ) 



Energize Fast Stop 
Magnet 
53.55.02 



Stop Key 



~J (^~ Paper Jam ") 



Forms Stop Condition 
53.42.02 



Energize Fast and Slow 

Stop Magnets 

53.55.02 



Figure 4.2-3 Forms Op Code 
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lowing E-channel I/O command (in this case, Fd) checks both the move and load 
latches for an OFF condition. If either latch is ON at I-ring Op time, an I/O inter- 
lock check results. 

After the I/O interlock check, the E-channel data register and status - indicator 
latches reset in preparation for sending the Op-modifier character to the printer 
circuitry. This character reads out of storage and is placed in the A-data register. 
From the A-data register, the character is gated through the assembly area to the 
E-data registers. A Select Unit 2 signal gates the printer and carriage conditions 
that affect the forms Op code to the E-channel status indicators. A printer not- 
ready condition (chain not running, out of forms, etc. ) sets the E-channel not- 
ready latch. If a previous carriage operation is not complete, the E-channel busy 
latch is set. 

These status indicators are not tested to determine whether the carriage and 
printer are able to execute a forms command. If either the E-channel not-ready 
or the E-channel busy latch is ON, the forms command is bypassed. Failure to 
execute this command is detected when an Rid command tests the indicators. Both 
latches OFF allows a forms- stacker go signal to start the carriage operation. 
The modifier character is gated to the carriage-control character register where 
it is decoded to determine the type of carriage operation that is to be performed. 

If printing is taking place when the forms command is initiated, the carriage 
operation is delayed until the end of the print line. In addition, if the forms com- 
mand is an after-print command, the carriage operation is delayed until the end 
of the next print line. 

The carriage control character register resets when the forms operation com- 
pletes in order to prevent the operation from repeating. 

Circuits 

Op-code grouping lines are: 

Not addr dbl op codes 

2 char only op codes 

No branch op-codes 

Op mod to A-ch or B-cycle ops 

Regen mem or B-cycle op codes 



1. Set up controls for forms Op. 

Siqmil 



Control Lo9 ic 



Set op register I -op 



12. 13.04 



Forms Ctrl to buffer Forms Ctrl 13. 70. 04 

Op code 



2. Test for I/O interlock. 
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Signal 

(not) E-ch interlock 



Control 

E-ch move/load 
Latches not set 



(not) I/O interlock check (not) E-ch interlock 

3. Reset the E-channel controls and status latches. 



Signal 

F or K E-ch reset 

E-ch reset 



Control 

Forms Ctrl op code 

F or K E-ch reset 



Logic 
15. 62. 02 

18. 14. 11 

Logic 
15.41. 12 
15.41. 12 



4. Select unit 2 (printer). The F-Op code forces a select-unit-2 signal to gate 
status -information to the CPU. 



Signal 

E-ch U-sel-reg-2 bit 

E-ch sel unit 2 



Control 



F-ctrl op code 

E-ch U-sel-reg-2 bit 

5. Set the Op-modifier character in A-data register. 

Signal Control 

Sw B-ch to A-reg 1-cycle 

6. Gate the A-channel character (Op modifier) to E2 register. 



Logic 

15.55.09 

13.50.03 

Logic 
15. 38. 01 



Signal 

E-ch move mode 

A-ch (any) bit 
Use A-ch num 
Use A-ch zone 
Asm ch (any) bit 

Gate asm ch to El input 
Set El 
El not WS 

Copy El BCD to E2 
Set E2 reg 

E2 reg bit 



Control 

Last insn RO cycle 
2 Char only op codes 

Sw B-ch to A-reg 

I -cycle 

I -cycle 

Use A-ch num 
Use A-ch zones 

I -cycle 

2 Char only op codes 

Set El 

Not WM or WS 

El not WS 

El full 
E2 not full 

Set E2 reg 



Logic 
15. 62. 02 

15.39.01-08 
15. 49. 03 
15. 40. 03 
15.50.01-10 

15.62.07 
15.62.06 
15.41. 12 

15.62.06 
15. 62. 04 

15.60. 31-34 
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7. Gate the forms status to the CPU. 



Signal 

(not) Forms busy 

(not) Buffer busy 

Ready for print or forms 

(not) Print not-ready status 

Buffer ready 



Control 

(carriage not in use) 

(not) Forms busy 

(printer and carriage ready) 

Select unit 2 

Ready for print or forms 

(not) Forms not -ready status 



Logic 
53.50.03 
51. 40. 19 
53.42.02 
53.42.02 

51.40. 18 



8. Set the E-channel status -indicators according to the forms status. 



Signal 

E-ch status sample A 

E-ch not ready 

E-ch busy 



Control 

2 Char only op codes 

(not) Buffer ready 
E-ch status sample A 

Buffer busy 

E-ch status sample A 



Logic 

13.65.06 

12.62.01 

12.62.02 



9. Test the status indicators and develop the forms stacker go signal. 



Signal 

Last insn RO cycle 

Forms stacker go 



Control Logic 

2 Char only op codes 12. 13. 05 

I -ring 2 
B-ch WM bit 

(not) E-ch not ready 1 3. 70. 04 

(not) E-ch busy 

(not) E-ch no transfer 

2 Char only op codes 

Last insn RO cycle 

Logic gate E 

10. Gate the E2 register character (op modifier) to the carriage-control character 
register. 

Signal 

CCC reg gate 



CPU to I/O bit 

CCC reg bit 



Control 


Logic 


Forms and stacker go 


53.50.03 


Forms control 




Reads for print or forms 




(not) Forms busy status to CPU 




E2 reg bit 


15.60. 31-34 


CCC reg gate 


53.50.01-02 



CPU to I/O bit 



11. Develop the magnet impulses for spacing. 
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Signal 

Start forms op 
Print-in-process latch (on) 
Delay forms latch (on) 
Carr go 

CCC decode 1, 2, or 3 
Space single shot 

Slow space control 

Space magnet ON to 1403 

(not) Space magnet OFF 
to 1403 

12. Develop the magnet impulses 

Signal 

CCC decode 

Channel latch (off) 

Carr fast 



Control 

PS - 48 

Mach reset 

Mach reset 

Print -in-process latch (on) 
Delay forms latch (on) 
CCC reg char 



Fast skip control 



Slow skip control 

Fast magnet ON to 1403 

(not) Fast magnet OFF 
to 1403 

Space magnet ON to 1403 

(not) Space magnet OFF 
to 1403 

Channel latch (on) 

Carr fast (off) 

Fast skip control (off) 

(not) Fast magnet ON to 1403 



CCC reg bit 

Space gate 

CCC decode 1, 2, or 3 

Space single shot 

Slow space control 

Slow space control 

for skipping. 

Control 

CCC reg bit 

(8 or more spaces to go) 

CCC decode 

Channel latch (off) 

Carr fast 

Carr go 

CCC reg (B- A or B- A) bits 

Carr fast 
Carr go 

Fast skip control 

Fast skip control 

Slow space control 
Slow space control 

(Less than 8 spaces remaining; 

Channel latch (on) 

Carr fast (off) 

Fast skip control (off) 



Logic 
53. 32. 02 
53.51.06 
53.51.06 
53.51.06 

53.51.03 
53.55.01 

53.55.01 
53.55.02 
53.55.02 

Logic 
53.51.03 
53.53.01-02 
53.51.08 

53.54.01 

53.54.01 

53.55.02 
53.55.02 

53.55.02 
53.55.02 

53.53.02 
53.51.08 
53.54.01 
53.54.01 
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Signa l 

Skip magnet OFF to 1403 

CCC decode stop A 

Can- stop 

Slow skip control (off) 

Slow space control (off) 

(not) Space magnet ON 
to 1403 

Space magnet OFF to 1403 

13. Reset the CCC register. 

Signal 

Reset delay latch (on) 

Decelerate 

CCC reg reset 

4. 3. 00 CHECKING FEATURES 



Control 

Fast skip control (off) 

(Skip completed) 

CCC decode stop A 

Carr stop 

Slow skip control (off) 

Slow space control (off) 

Slow space control (off) 
Control 



Start forms op 

Slow space control (off) 

Reset delay latch (on) 
Decelerate 



Logic 

53.55.02 

53.51.05 

53.51.04 

5 3.54.01 

53.55.01 

53.55.02 

53.55.02 

Logic 
53. SS. 03 
53.55.03 
53.55.03 



4. 3. 01 Printer Synchronization Check (Logic 53. 43. 01) 

To print correct information, the printer- compare circuitry synchronizes with the 
type chain. Due to mechanical linkage between the chain and the timing disk, the 1 
type-slug always aligns at print position 1 when the home pulse occurs. The com- 
pare counter should always contain a 1 and the PSS-1 trigger should be ON at this 
time, if they are properly synchronized with the chain. If the compare counter 
contains anything but a 1-bit at home-pulse time, a sync check sets the indicator 
latch (Figure 4. 3-1). In addition, if printing is taking place when the sync check 
occurs, the print-error latch sets to show that an error occurred. 

4. 3. 02 Printer Parity Check (Logic 53. 44. 01 -0Z) 

Information is stored in print storage in odd-parity form. Every character that 
reads into storage is checked by the printer parity-check circuit. The check is 
made at the input of the inhibit drivers. 

Two parity-check triggers are reset OFF near the beginning of the memory 
cycle (Figure 4. 3-2). During the write portion of each memory cycle, any of the 
seven bits that are present at the inputs of the inhibit drivers are switched to the 
trigger inputs. Binary trigger inputs allow flipping ON and OFF with successive 
set pulses. 

The 1, 4, A and C-bits switch to TR-1 at 6, 7, 8, and 9 times, respectively. 
The 2, 8, and B-bits switch to TR-2 at 6, 7, and 8 times, respectively. If an even 
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PSS - 1 

( NoOPSS - 2 



(Not) PSS -3 



Compare Counter 1 
( Not) Compare Counter 2 
(Not) Compare Counter 4 
(Not) Compare Counter 8 



(Not) Compare Counter A 
( Not) Compare Counter B 



Home Pulse 



Chain Delay 
Machine Reset 
Check Reset 




Indicator 



Figure 4.3-1 Printer Synchronization Check 
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From 

Clock From Inhibit 

Circuit Driver Inputs 



1 Bit- 



060-070- 



2 Blt- 



4 Bit- 



070-080- 



8 Bit- 



A Bit 



080-090 



C Bit- 



090-100- 



o 




K> 



rO 



Gate On 
Set On 



Gate On 
Set On 
Set Off 
Gate Off 



TR 1 



Set Off 



ikQ> | Gate Off 



020-030 
Reset 



o 



K> 



rO 



Gate On 
Set On 



Gate On 
Set On 
Set Off 
Gate Off 



TR 2 



Set Off 



i !<r> Gate Off 
^"^ -^ — 



020-030 
Reset 



100-000_ 

Error 

Sample 




A character containing C, 
B, and 1 bits is checked. 
No error results since the 
triggers are opposite at 
error sample time. 



A character containing B 
and 1 bits is checked. A 
C-bit check occurs since 
the triggers are the same 
at error sample time. 



~\r 



Memory Cycle Time 123456789 10 1 2 3 4 5 



I L 



J I L 



7 8 9 10 

i i i l i 



Trigger Reset Pulse - 

Trigger 1 On ■ 

Trigger 2 On • 

Error Sample ■ 

C - Bit Check ■ 



Figure 4.3-2 Printer Parity Check 



n 

J~L 
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number of bits is at the inhibit-driver inputs, the triggers are either both ON or 
both OFF at ten-time when the error sample occurs, and a C-bit check results. 
An odd number of bits causes the triggers to be opposite (not both ON or OFF) 
when they are tested at ten-time. Therefore, the C-bit check signal is not generated. 

4. 3. 03 Print-Error Detector 

Four core planes of print storage detect and store errors. These are: print-line- 
complete, equal-compare, hammer-fire row-bits and hammer-check (Figure 
4.3-3). 

The print-line-complete cores set during a CPU transfer for those print posi- 
tions that contain a printable character. During a memory cycle, an equal-compare 
blocks the regeneration of the print-line-complete core, and sets the equal-compare 
core for that position. If an equal-compare occurs for a position that does not 
contain a printable character, an error is indicated, and the hammer-check core 
is set for that position (Figure 4. 3-3). 

An equal-compare condition impulses the hammer driver that sets the corre- 
sponding hammer-fire row-bit core. If an equal-compare core is set, the corre- 
sponding hammer-fire row-bit core should be set, and vice versa. If either core 
sets without the other, a print error results on the following print scan when that 
position again reads out. The error sets the corresponding hammer-check core. 

After the 48th scan, all positions that contained a printable character should 
be printed, and no print-line-complete core should remain set. Any print-line- 
complete core that remains ON when the 49th scan occurs causes a print error. 
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i-GH 



Eg uo I Compare 



r 

Printaole Code On R I 



(From Compare Matrix) 



Hammer 
Drivers 



Print Line Complete Cores 



Equal Compare Cores 



Hammer Fire Row Bits Cores 



Hammer Check Cores 



PS 49 



L — • 



065-105 




During Scan 



Equal Compare | 
(From Compare Matrix) 



Print Buffer Check Planes 



L —i 



£h 



W* 



Print Error, 

L-K 



Figure 4.3-3 Print Error Detector 
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5.0.00 MAGNETIC TAPE CONTROL 



5. 1. 00 MAGNETIC-TAPE-OPERATION INSTRUCTIONS 



There are three basic types of magnetic-tape operations: reading, writing, and 
unit control. Reading and writing can be done with or without word marks, de- 
pending upon the instruction that is used. The unit control instruction initiates 
backspacing tape, writing tape marks, rewinding tape reels, and skipping over de- 
fective areas on tape. The instruction format is included in the basic operation 
where it is used. 



5. 1. 01 Tape Write Operation (Figure 5. 1-1) 

The information from the specified B-address is written by the selected-tape unit 
with or without word-separator control. 

Instruction Format 



Character 



M 



Position 



Op code 



Function 

I/O Op codes without word marks 



L 


Op code 


% 


X-fieJd 1 


or 




<a 


X -fie Id 1 


or 




□ 


X -fie Id 1 


or 




* 


X -field 1 


U 


X-field 2 


or 




B 


X-field 2 


0-9 


X-field 3 




B-address 


W 


d-modifier 


or 




X 


d-modifier 



I/O Op codes with word marks 
Use E -channel unoverlap 

Use E-channel overlap 

Use F-channel unoverlap 

Use F-channel overlap 

Select tape overation — even parity 

Select tape operation — odd parity 
Select magnetic-tape unit 
High-order position of the field 
Write tape 

Write tape to end-of -storage 



During the write operation the characters in the B-field read out to the B- 
channel, through assembly, and to the El or Fl registers. If the E-channel is 
selected by the I/O channel- select character of the instruction word X-field, data 
transfers from the El register to the E2 register. The output of the EZ register 
that is corrected for odd or even parity (odd or even parity is determined by unit- 
select character of the X-field) conditions the input of the R/W register in the TAU. 
These input lines are sampled during the TAU write-clock cycle and the data trans- 
fers into the R/W register. The output of the R/W register conditions the write 
triggers in the selected-tape unit, and the T AU-generated write-pulse transfers 
the data onto the tape. 



Before the data reads out of storage, control circuits must be established and 
certain status checks must be performed. An early sample of the TAU-busy status 
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f TAPE WRITE \ 

1^ M/L OPCODE j 



ay- 



RESET TAPE 

SELECT REG 

13.71,04 



SET TAPE 

SELECT REG 

13.71.04 



SINCE LASTE CH 

COMMAND 

15. 62.02 



RESET STATUS 
INDICATORS 



XZJ 



TAU SUSY EARLY YlH. 
12.62.02 



[LAST INSTRUCTION \__ 
I READ OUT CY j 



SET E CH NOT READY 

INDICATOR LATCH 

12.62.01 



SET E CH BUSY STATUS 

INDICATOR LATCH 
12.62 .02 



SET E CH CORR 

LENGTH RECORD 

13.63.03 



SET ECH 
TAfE CALL 
13.71.04 



uo / TAPE UNIT READY \ YES 
60.58.41 



SET E CH BUSY 

STATUS IND LATCH 

12.62.02 



YES/ TAU BUSY \NO 

60.58.41 



SET E CH CORRECT 

LENGTH RECORD 

13.63.03 



ANY ECH 
STATUS IND ON 

13.72.05 




SEND WRITE. 

CALL TO TAU 

13.71.05 



SET E CYCLE 
REQUIRED 
12.12.** 



SET E CYCLE 

CONTROL LATCH 

12.12.66 



USE LOGIC 
RING EXTENSION 

11.10.20 



OVERLAP OR 
UN OVERLAP 



USE LOGIC 

GATE RING 

11.10. 10 



TAKE AN 
E CYCLE 
12.12.66 



READOUT B 

FIELD CHAR 

14.71.31 



> 



B CHANNEL GM-WM\ 



ECH WD 
SEP MODE 
15.62.02 



6 



Figure 5.1-1A Tape Write Operation* 



SET ECH INT 

END OF TRANS 

13.63.01 



SET ECH 
END OF RECORD 

13.63.01 
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N ° / E 1 Input WM Bit 
15.60.08 



Reset E 1 Reg 

Wd Sep Larch 

15.41.11 



N ° / E 1 Input o Wd Sep Chor \ Y « 
15.41.01 



1 [ 



Set E 1 Reg 
Wd Sep Latch 

15.41.11 



SetE 1 
15.62.04 



Set E 1 Full Latch 
15.41.10 



Reset E 2 Reg 

Wd Sep Latch 
15.41.11 



-/ Wr^pT/ 



Set E Ch Int End of Trans 
13.63.01 



Set E Ch End of Record 
13.63.01 



_Yes_/ E 2 Res Full Latch On \_No_ 
15.41.10 



No / E 2 Wd Sep Latch On \ Yes 
15.41.11 



Yes / E 1 Wd Sep Latch On \ No 
15.41.11 



Set E 2 with a 

Wd Sep Char 

15.62.06 



Copy E 1 BCD to E 2 
15.62.06 



Set E2Reg Full Lotch 
15.41.10 



Set E 2 Reg Full Latch 
15.41.10 



Set E 2 Reg Wd Sep Latch 
15.41.11 



Overlap 



1 



Reset E 1 Full 
15.41.10 



X 



; 1 

— \ Inter End of Trans On 



/ \ 

< Overlap or Unoverlap V 



Unoverlap 



Start Logic Clk toke 
Compute or F Cycles 
until E Cycle Req 



Stop Logic Clock 
until E Cycle Req 



( Unit Select U or B V 



Use Inverted C Bit 
15.60.34 



Use C Bit 
15.60.34 



Write Data Lines to 

TAU Conditioned 

15.60.31 



Set E 2 Char into TAU R/W 
Reg B9.40.50 



TAU Set Strobe Trigger 
15.62.03 



Figure 5.1- IB Tape Write Operation 
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No 



/E2Reg Full 



No / E2 Reg Full Latch On \ Yes 
15.41.10 / 



Yes 



El + E2 Full 



Reset E2 Reg Full 

and Strobe Tr 

15.62.05 



Int End of Trans On 
13.63.01 



Yes 



No 







Set Int End of 
Trans Del 
13.65.05 



Set E Ch 

Disconnect Latch 

13.42.11 



Disconnect 

Call toTAU 

13.71.05 



Set Ext End of Trans 
13.42.11 



Yes 



Yes 



Tape Error 



Set E Ch Data 

Check Status Ind 

12.62.04 



No 



T I On \ No 

60.58.11 



Set E Ch 

Condition Latch 

12.62.04 



Turn Off Overlap 
in Process Ctrls 



Overlap/ \Unoverlap 

: Overlap or Unoverlap 



£ 



Set Last Execute Cycle 



Figure 5. 1-1C Tape Write Operation 
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is necessary to prevent selecting a new tape unit, when the TAU is still busy with 
the previous selection. An I/O interlock check must be made to insure that the 
status indicators have been tested since the last channel operation. The selected- 
tape unit must be ready for operation. These conditions, busy and not ready, 
cause status indicators to be turned ON, and no further operation for this instruc- 
tion occurs. The program continues to the next instruction in sequence. If the 
status indicators are not turned ON, a write-call signal is sent to the TAU. When 
TAU accepts the character from the E2 register, it generates a write-strobe pulse 
that results in the transfer of another character from the El register into the E2 
register. Another E-cycle transfers a new character from storage to the El 
register. This transfer of data, that the write strobe pulses initiate continues 
until a disconnect call is generated. If the computer is in overlap operation, com- 
pute cycles of F-channel cycles can occur between E-cycles. 

The d-modifier of the instruction word contrdls the generation of the disconnect- 
call signal. The W-character d-modifier allows the disconnect to occur when a 
group-mark with a word-mark, or an end-of- storage condition is sensed. The X- 
character d-modifier allows the disconnect to occur only when an end-of- storage 
condition is sensed. When the TAU receives the disconnect call, it continues to 
read-check the characters just written on the tape. When the read-check of the 
write operation is complete, the TAU indicates the end-of-data transfer. Before 
the instruction operation is completed, a check for error conditions is performed. 
Status indicators are set, if the TAU detects an error or the end-of-tape marker 
is sensed by the selected-tape unit. 

5. 1. OZ Tape Read Operation (Figure 5. 1-2) 

The information from the selected-tape unit reads with or without word marks, 
and is stored in the location specified by the B-address. 

The instruction format is the same as the tape-write format except for the d- 
modifier. The R-character d-modifier causes a normal read operation that ends 
when a group-mark with a word-mark is sensed. The S-character d-modifier 
causes a read operation that stops at the end-of-storage or the inter-record gap 
on the tape. 

The selected-tape unit reads the data from tape, and transfers the data to the 
R/W register in the TAU. The output of the R/W register conditions the input to 
the El register. TAU indicates (read-strobe pulse) that a character is in the R/W 
register, and that the character is set in the El register with correct parity (parity 
is determined by the unit- select character of the X-field). The character transfers 
from the El register to the E2 register. When the E2 register indicates that it 
has a character, an E-cycle transfers the character to the B-field in storage. 

The computer performs status checks and conditions control circuits before it 
generates the tape-read call signal. The early-busy check is made, and the se- 
lected-tape unit is tested for a ready condition. A check is made to insure that the 
status indicators have been tested since the last E-channel operation. If busy or not- 
ready conditions exist, the computer reads out the next instruction in sequence. 
If these conditions do not exist, a read-call signal is sent to the TAU. The se- 
lected-tape unit reads the tape, and transfers the characters to the read registers 
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SET I/O INTERLOCK 



[ CM COMMAND 



,U«USY EARLY 

12.62 .02 



H 



TAPE UNIT READY 



SET ECH NOT READY 
IND LATCH 
1I.6J.01 



_/ TAU BUS 1 ! 

\. 40.53.41 



SET E CH BUSY STATUS 

IND LATCH 

12.62.02 



SET E CHANNEL COM J 
LENGTH RECORD 

13.66.03 j 



ANY E CH STATUS 
1N0ON 
13.72.05 



SEND READ CALL 
IO TAU 
13.71.05 



NO/ TAPE IN PROCESS \ l \ 
13 .42 . 11 



SET EX I END 

Of TRANSFER 

13 .42.11 



~s 



READ STROBE 
FROM TAU 
60.58.41 



E 1 REG FULL 

15.41.10 



SET E 1 REG 

15.62.04 



SETE CH BUSY STATUS 

IN0 LATCH 

12.42.0? 



SET ECH CORRECT 

LENGTH RECORD 

13.63.03 




SET E 1 REG FULL LATCH 
15.41.10 



T STROBE TDiGGfB 



E CHANNEL 

WD SEP MODE 

15.41.11 



COPY E 1 
WM 'C BiT 
15.62.06 



r 




SET E 5 REG 

WD SEP LATCH 

15.41.11 



E 2 REG WD 

5EP LATCH ON 
15.41.11 



COPY E 1 BCD 



COND E 2 FOR 

WD SEP CHAR 

15.62.06 



E 2 REG WD \ ^ 
SEP LATCH ON y— 



COPY INV E 1 
WM C BIT 

1 5. 6?. 06 



I 

Figure 5. 1-2A Tape Read Operation 
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COPY £ 1 BCD 
TOE 2 

15.6J.Dfi 
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^ 



E t REG WD 

SEP lATCH ON 
15.41,11 



G> 



SET INT END 

OF TRANSFER 
13.63.01 



E2REG 

FULL LATCH ON 

15.41.11 



RESET E 1 REG 

FULL LATCH 
15.41.10 



E 2 REG WD 
SEP LATCH ON 

15.41.10 



SET E 2 REG 

FULL LATCH 

15.41.10 



INTEND 

OF TRANSFER ON 

13.63.01 



EXT END 

OF TRANSFER ON 

13.42.11 



SET E CYCLE 

CONTROL LATCH 

12.12.66 



■<J 



INT END OF 

TRANSFER ON 
13.63.01 



SET LAST 

INPUT CYCLE 

13.63.02 


/GATE ASM TO 
■•■{ STORE BCH 
^ CHAR 



USE LOGIC RING 
EXTENSION 

11.10.30 



USE LOGIC 
GATE RING 

11.10.11 



l—£ 



* / OP MOD \ R 

\ S ORR r~ 



1 C 



STORE CHAR FROM E 2 



RESET E 2 

FULL LATCH 

15.41.12 



SET END OF 

RECORD LATCH 

13.63.01 



SET INT END 
OF TRANSFER 

13.63\01 



RESET E 2 
WD SEP LATCH 

15.41.11 



5 



WRAP ROUND 



USE LOGIC 

CL FOR FOR 

COMPUTE CYCLES 



COMPUTE DISABLE 



SET STATUS 
SAMPLE B 
13.65.05 



SET E CH CORR 

LENGTH RECORD 
13.63.03 



E 2 REG FULL 
LATCH ON 

15.41.10 



END OF RECORD 
ATCH ON 

13.63.01 



IS STROBE 

TRIGGER ON 

15.62.03 



SET ECH WRONG 
LENGTH RECORD 
STATUS INDICATOR 

13.63.03 



SET E CH DATA 
CHECK STATUS IND 

12.62.04 



SET E CH 
CONDITION LATCH 

12.62.04 



TURN OFF 

OVERLAP IN 

PROCESS CTRLS 



Figure 5. 1-2B Tape Read Operation 
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in TAU. The read registers check the character and transfer it to the R/W regis- 
ter. When the R/W register has a character, TAU sends a read-strobe pulse to 
the computer. The character reads into the El register and then transfers to the 
E2 register. When the E2 register has a character, an E-cycle is required to 
transfer the character to storage. This transfer of data continues until the end of 
the read operation is sensed. 

If the d-modifier is an R-character, the B-channel group-mark with a word- 
mark or the end-of-storage indication (wrap-around) causes the CPU to stop storing 
data. If the d-modifier is an S-character, the wrap-around condition causes the 
CPU to stop storing data. Wrap-around or group-mark with a word-mark condi- 
tions indicate the internal end-of-transfer . However, the selected-tape unit does 
not stop until the inter-record gap is sensed. TAU signals an external end-of- 
transfer when the tape unit senses the inter-record gap. Both the internal and 
external end-of-transfers are necessary to end the tape-read instruction opera- 
tion. Before the operation ends, the CPU checks for error conditions. Status 
indicators set, if the TAU detects an error, if the end-of-tape marker is sensed 
by the selected-tape unit, or if the record that was just read is the wrong length. 

5. 1. 03 Tape-Unit Control Operation (Figure 5. 1-3) 



The selected tape unit performs the operation specified by the d-modifier character. 



Instruction Format 


d-modifier character 


Operation performed 


B 


Backspace a tape record 


E 


Skip and blank tape 


M 


Write a tape mark 


R 


Rewind a tape reel 


U 


Rewind and unload a tape reel 


A 


Read-call for special operation 



The unit-control instruction operation does not transfer data. The objective 
of the instruction is to send a control signal (determined by the d-modifier charac- 
ter) to the TAU to control the operation. Before the CPU generates the signal to 
TAU, it must check for the early-busy, not-ready, and I/O interlock conditions. 
For all unit control operations except Write a Tape Mark , the CPU finishes with the 
operation when the signal is sent to the TAU. The write-a-tape-mark operation is 
a one-character write operation. This instruction is the only one that can operate 
in the overlap mode. When the TAU receives a write- tape-mark call, a special one- 
character record writes on the tape. After the character is read-checked, TAU sig- 
nals the CPU to end the operation. A check detects TAU errors and the end-of-tape 
marker. The A-character d-modifier with a special branch instruction (RIK) in 
maintenance programs checks the distance between the records on tape. 
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SET I/O INTERLOCK 



RI*SINCE LAST \ . 
ECH COMMAND V- 

15.62.02 / 



RESET yrbTUS 

INDICATORS 

IS. 41. 12 



UNIT CONTROL 

INST « O DELAY 

13.71.04 



NO / TAPE UNIT READY \ YES 



SET ECH NOT READY 

INDICATOR LATCH 

12.42.01 



SET ECH BUSY 
STATUS I NO LAT 

12.62.02 



SET ECH COM 

LENGTH RECORD 

13.63.03 



ANY E CH 

STATUS IND ON 

13.75.05 



SET INTERNAL END 

□F TRANSFER 

13.63.01 



M SYMBOL 

OP MODIFIER 

13.63.03 



SET ECH CORRECT 

LENGTH RECORD 

13.63.03 



8 < *. U. / OP MOD B, R, U/E 

\ 13.71.04 



EL AND L. P. V-!12 

13.71.04 / 



E SYMBOL 

OP MODIFIER 

13.71.05 



SEND ERASE 

CALL TO TAU 

13.71.05 



B SYMBOL 

OP MODIFIER 

T3.71.05 



SEND BACKSPACE 

CALL TO TAU 

13.71.05 



M SYMBOL 
OP MODIFIER 

13.71.05 



SET E CH BUSY 

STATUS INDICATOR LAT 

12.62.02 



SET ECH CORRECT 

LENGTH RECORD 

13.63.03 



SEND WRITE TAPE YES A SYMBOL OP MODIFIER ^ NO 

MARK CALL TO TAU \ 13.71.05 

13.71.05 



SEND REWIND 

CALL TO TAU 

13.71.05 



SEND REWIND UNLC 



A SYMBOL \ *NT 

OR ANY OTHER ) um " 

13.71.05 / 



SEND READ 

CALL TO TAU 

13.71.05 



Figure 5, 1-3A Tape Unit Control Operation 
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NO 



END OF OPERATION 

READ OUT NEXT 

INSTRUCTION 



M SYMBOL OP 
MODIFIER 

OVERLAP 



START LOGIC CLOCK 

TAKEF OR COMPUTE 

CYCLES 



YES 



SET E CH DATA 
CHECK STATUS IND 

12.62.04 



YES 



SET ECH CONDITION 
LATCH 

12.62.04 



OVERLAP 



TURN OFF OVERLAP 
IN PROCESS CTRLS 



YES 



OVERLAP 

OR UNOVERLAP 



UNOVERLAP 



TAU WRITE A TAPE MARK 
ON TAPE 



READ CHECK OF WRITE 
OPERATION 



SET EXT END 
OF TRANSFER 

13.42.11 



TAPE ERROR 



T I ON 
60.58.11 



OVERLAP OR 
UNOVERLAP 




STOP LOGIC CLOCK 



NO 



NO 




UNOVERLAP 



SET LAST EXECUTE 
CYCLE 



Figure 5.1-3B Tape Unit Control Operation 
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6.0.00 DISK-STORAGE CONTROL 



6. 1. 00 DISK-STORAGE CONTROL INSTRUCTIONS 

These instructions make it possible to seek a disk record, to read and to write a 
single record or a full track (with or without word mark), and to check for accurate 
results. The various parts or a disk-unit operation instruction are: 

1. Mode of operation- -move (M), or load (L). The move mode records data on, 
or reads data from, the disk unit in 7-bit coding (no word marks). The load 
mode records data on, or reads data from, the disk unit in 8-bit coding (word 
marks). Data must read from the disk unit in the same mode (move or load) in 
which it is written. 

2. X-control field. This three-position field selects the transmission channel, the 
disk -storage unit, and the specific type of operation. 

a. The hundreds position of the X-control field defines which data transmission 
channel is to be used, and whether the operation is to be performed with or 
without overlapping. 

b. The tens position of the X-control field must contain an F-character to 
specify the disk- storage unit as the active input-output device. 

c. The units position of the X-control field specifies the type of operation to 
be performed. The characters used in this position are: 0, seek operation; 
1, single-record operation; 2, full-track operation; 3, write-check operation; 
and 4, write- address operation. 

3. B-address. This address specifies the high-order core-storage position of the 
field that contains the 8-character disk-unit address and the record data. 

4. d-modifier character. This position specifies a read (R) or write (W) operation. 

The 8-character disk-unit address is used to locate the specific area of disk 
storage for the read or write operation. The format for the disk-unit address is as 
follows: 

Format for the Disk-Unit Address 



Access 
Mechanism 


Disk 
Unit No. 


Disk -Unit Address 


Fixed 
Character 


Disk Face 


Track 


Record 


X 
0, 1, 2 


X 

1, 1, 2, 3, 4 


XX 
00-99 


XX 
00-99 


X 
0-9 


X 
Always Zero 



6. 1. 01 Seek-Disk Record M/L % F (B) R 

This Op code causes the selected access mechanism to locate the disk and track that 
are specified by the disk-unit address. Access time varies from 100 to 800 milli- 
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( Seek Disk Op Code ) 



R(l)lSince 
LasH/OComm 



Set I/O Interlock 
18.14.11 



Move/ - 



Move / Load 



Send Move Mode to File 
15.62.02 



Send Load Mode to File 
15.62.02 



ILL 



Reset Status Indicators 
15.41.12 



Send Seek Call to File 
15.55.04 



Yes / RBC Since \ No 

^-\ Last Write Operation / 



Set Units Latch 
16.30.02 



RBC Interlock 
13.74.02 



Body/ - 



Send Addr Xfer 

Gate to File 

13.72.02 



Master Error Stop CPU 
18.14.08 



Set No Scan Latch 
12.30.01 



Use DAR to Set STAR 
16.41.02 



Take a D Cycle 
12.12.43 

I 



-( No Scan / 2nd Scon V 



2nd 



Body / Unit 



Unit 



Send Digit Adv to File 
13.72.02 

1 



Rest E2 Full Latch 
15.62.05 



Set E 1 Reg 
15.62.04 



Set El Full Latch 
15.41.10 



Set E2 Reg 
15.62.04 



Set E2 Full Latch 
15.41.10 



I 



B Ch GM-WM or 

File Ring 7 Lot 

13.74.01-02 



Set Body Latch 
16.30.04 



Set Exren Latch 
16.30.06 



Set 2nd Scan Latch 
12.30.02 



Set No Scan Latch 
12,13.01 



Send 1st Addr 

Strobe to File 

13.72.02 



Send 2nd Addr 

Strobe to File 

13.72.02 



YeS 7 File Digit Ring at 7 V^ 



Set File Ring 7 Latch 
13.72.02 



Set Body Latch 
16.30.04 



Figure 6. 1-1A Disk Seek Operation 
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NO 



FILE READY 
75.80.11 



SET E CH NOT RDY 

STATUS IND 

12.62.01 




YES 



FILE BUSY 
75.80.11 



NO 



SET E CH BUSY 

STATUS IND 

12.62.02 



YES 



ADDR CHAR 

VALIDITY ERROR 

75.80.11 




SET E CH DATA CHECK 

STATUS IND 

12.62.04 




/B CH GM • WM AND\ 
YES / FILE RING 7 

LATCH ON? 
13.63.03 



NO 



SET ECH WRONG 

LENGTH RECORD IND 

13.63.03 



SET E CH CORRECT 

LENGTH RECORD 

13.63.03 



RESET ADDR 
TFR GATE 
13.72.02 



RESET FILE 

RING 7 LATCH 

13.74.02 



SET LAST 

EXECUTE CYCLE 

13.65.07 



Figure 6. 1— IB Disk Seek Operation 
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seconds. The instruction sends the 8-character address to the file-control unit 
(FCU) After the FCU receives the address, the CPU continues on with the next 
instruction in sequence while the access mechanism moves to the desxred disk and 
track. 

The address must be 8-characters, followed by a group-mark with a word- 
mark. The file-digit ring is an eight-position ring that is used to count the char- 
acters in the address. The digit ring is at position while the first character 
reads out and is sent to the FCU. The ring advances to position 1, and the second 
character reads out and is sent to file, etc. 

|Units>« Body J Ext J 

Address character Ill2l3|4|5|6|7|8|j.l 

File ring ~0 |ll2l3l4l5U|7 

File ring 7 latch . | I 

It requires two D-cycles to read out each character and to send it to file. During 
the first D-cycle, the character reads out of storage and is gated to the E2 regis- 
ter Also, during this cycle the B-channel is analyzed to determine whether the 
character is a GM-WM. If there is no GM-WM, and file-ring-7 latch is OFF, the 
character is sent to the FCU during the second D-cycle. If there is a GM-WM or 
the file-ring-7 latch is ON, the second D-cycle sets the status indicators with file- 
not- ready, busy, or with a validity- check error of a character that is sent to file. 
During this cycle, if the address is the correct length, the B-channel must be a 
GM-WM and file-ring-7 latch must be ON. 

Operation (Figure 6. 1-1) 

During instruction read-out, after the I/O interlock check, the move or load mode 
is sent to the FCU. The E-channel controls and status latches are reset and a 
Seek Call is sent to file. 

At this time, as in all file Op codes, the read-back check (RBC) interlock is 
checked to insure that a RBC was given as the first file Op after a file-write op- 
eration. If an RBC was given, the master error line is conditioned to stop the 
CPU. 

The first cycle after instruction read-out is a D-cycle, with the no-scan latch 
ON. The DAR is used to read out the high-order (access-mechanism) character of 
the disk-unit address. The character is gated from the B-channel through the 
assembly to the El register. The El register full latch gates Set E2 Reg to set 
the character into the E2 register. There must not be a B-channel GM-WM at this 
time. The body latch and the 2nd- scan latch are set for the second D-cycle. The 
DAR still contains the address of the high-order character because the no-scan 
latch was set during the first D-cycle. The DAR is used to read the character out 
again. The 2nd-scan latch is ON during this D-cycle to modify the address in the 
DAR to the next position of the disk address. 

A strobe pulse is sent to the file to indicate that a character is available on the 
E-channel and that the body and no-scan latches are set for the next D-cycle. 
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During this no-scan D-cycle, the body latch is ON to gate a digit-advance 
pulse to advance the file-digit ring to position 1. 

The operation continues. The no-scan D-cycle is followed by a 2nd-scan D- 
cycle for each position of the file address. At the 2nd-scan D-cycle during which 
the 8th character of the file address is sent to file, file-ring-7 latch sets. The 
next character reads from storage, and should be a GM-WM. 

During the final D-cycle, the status indicators are set. The presence of a 
GM-WM without the file-ring-7 latch or vice versa, results in a wrong-length ad- 
dress, and sets the E-ch wrong-length record indicator. 

The Addr TFR gate and file-ring-7 latch are reset and last execute c ycle is 
conditioned to initiate the next instruction. ' 

6. 1.02 Disk-Address Transfer (Figure 6. 1-2) 

The address portion of the data in the B-field is transferred to the file before 
the actual data transfer during all read or write operations. After the first time 
the address transfers to the file, the various error conditions are checked, as 
well as the busy-status and ready-status of the file. If the file is ready for the 
read or write operation and if no errors are indicated, the address portion of data 
in the B-field transfers for the second time. This time the address compares 
with the indelible address read from the file location. After the second address 
transfer, the data reads from or writes on the file location. 

The location of storage that the B-address of the instruction word specifies, 
contains the eight-character file address followed by a group-mark with a word- 
mark. The area of storage that follows the group-mark with a word-mark con- 
tains either the data to be written for a write operation, or the storage locations 
for the data to be read into on a read operation. 

First Address Transfer 

The CPU conditions the control lines to the file unit as soon as the instruction word 
is decoded. Move-mode or load-mode signals, full-track or single-record signals, 
and input-mode or output-mode signals are sent to the file. When the file unit re- 
ceives these signals, control circuits are established to handle the address and 
data transfers. If the operation that is being performed is write-disk check (read- 
back check), a write check signal is sent to the file and the read-back check latch 
in the CPU is reset. The latch sets at the end of a normal write-disk operation. 
If any disk instruction, except write-disk check, is attempted with this latch on, 
the master error line stops the CPU. The CPU uses the D-address register, and 
executes D-cycles for the first address transfer. Two D-cycles are necessary to 
transfer one address character during the first address transfer. The no-scan and 
2nd- scan latches control modification of the D-address register. 

The no-scan D-cycle reads the disk-address characters out of the storage loca- 
tions. The character is checked to determine if it is the group-mark with a word- 
mark. If the group-mark with a word-mark is sensed, the end of the first address 
transfer is initiated. The error lines are tested and the not-ready and busy con- 
ditions of the file are checked. 
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FILE OPCODES 



Rl^SINCE LAST N 
E CHAN. COMMAND 
15.62.02 / 



YES 



SET I, O INTERLOCK 

18.14.11 



MOVE 



MOVE OR LOAD 
15.62.02 



SEND MOVE 

MODE TO FILE 

15.62.02 



SEND LOAD 

MODE TO FILE 

15.62.02 



RESET STATUS 

INDICATORS 

15.41.12 



NO 



UNIT NO. 

SYMBOL = 3 

15.55.05 



YES 



UNIT NO. 

SYMBOL I OR 2 

.15.55.04 



SEND WRITE 

CHECK TO FILE 

15.55.05 



SEND SINGLE 

RECORD TO FILE 

15.55.04 



SEND FULL TRACK 

WITHOUT I. A. TO FILE 

15.55.04 



RESET SEL. AND 

RBC ON LATCH 

13.72.03 



RBC SINCE LAST 

WRITE OPERATION 

13.72.03 



SET RBC INTERLOCK 
13.74.02 



RORS . 



OP MODIFIER 

ROBS/,... 



MASTER ERROR 
STOP CPU 
18.14.08 



SET E CH INPUT 

MODE LATCH AND SEND 

INPUT MODE TO FILE 

15.62.01 



SET E CH OUTPUT 

MODE LATCH AND SEND 

OUTPUT MODE TO FILE 

15.62.01 



SET NO SCAN LATCH 
12.30.01 



SET UNITS LATCH 
16.30.02 



TAKE D CYCLE 
USE D AR 
14.71.33 



SEND ADDR. TFR 

GATE TO FILE 

13.72.02 



FILE ADDR TFR OVER- 
RIDES INPUT & OUTPUT 
MODE LATCHES 



FORCE E CH OUTPUT 
MODE FOR ADDR. 

TRANSFER 
13.72.02 



Figure 6. 1-2A Disk Address Transfer 
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B CH GM-WM 
13.74.01 



SCAN CONTROL 

NO/SCAN OR 

2ND/SCAN 



SET NO SCAN LATCH 
12.30.01 



FILE RING 7 
LATCH SET 
13.74.02 



SEND 1ST ADDR. 

STROBE TO FILE 

13.72.02 



RESET E2 REG 

FULL LATCH 

15.62.05 



DIGIT ADVANCE TO FILE 
13.72.02 



DIGIT ADVANCE 
TO FILE 
13.72.02 



YES / BODY IATCH ON \ NO 
16.30.04 



SEND 2ND ADDR 

STROBE TO FILE 

13.72.02 



RESET E2 REG 

FULL LATCH 

15.62.05 



SET EXTENSION LATCH 
16.30.06 



SET El REG AND 

El FULL LATCH 

15.62.04 



YES/ FILE DIGIT RING- 7 \ NO 
13.74.02 



SET FILE RING 
7 LATCH 

13.74.02 



SET D CYCLE LATCH 
12.12.07 



SET E2 REG AND 

E2 FULL LATCH 

15.62.04 



SET NO 

SCAN LATCH 

12.30.01 



TAKE D CYCLE 

USE D AR 
14.71.33 



SET 2ND SCAN LATCH 



SET BODY LATCH 
16.30.04 



SET BODY LATCH 
16.30.04 



SET D CYCLE LATCH 
12.12.07 



SET D CYCLE LATCH 
12.12.07 



TAKE D CYCLE 
USE D AR 
14.71.33 



FILE READY 
75.80.11 



TAKE D CYCLE 
USE D AR 
14.71.33 



SET E CH NOT READY 

STATUS INDICATORS 

12.62.01 



FILE BUSY 

75.80.11 



<D 



SET E CH BUSY 

STATUS IND 

12.62.02 




SET NO XFER LATCH 
13.72.04 



ADDR CHAR 

PARITY ERROR 

75.80.11 



SET E CH DATA CHECK 

STATUS INDICATOR 

12.62.04 



SET E CH 
CORRECT LENGTH 
RECORD INDICATOR 

13.63.03 





STAYS ON UNTIL 

1ST FILE STROBE AFTER 

ADDR TRANSFER 



BCH GM-WM AND 
FILE RING 7 LATCH SET ) 
13.63.03 



SET E CH WRONG 

LENGTH RECORD 

INDICATOR 

13.63.03 



RESET ADDR 
TRANSFER GATE 

13.72.02 



RESET FILE RING 
7 LATCH 
13.74.02 



Figure 6. 1-2B Disk Address Transfer 
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CORRECT LENGTH \ YES 
RECORD? 



SET I/O LAST 
EXECUTE CYCLE 

13.65.07 



SET ECH IN 

PROCESS LATCH 

13.60.04 



SET 2ND 

ADDR TRANSFER 

13.72.01 



FORCE E CH 

MOVE MODE 

FOR ADDR TRANSFER 

15.60.05 



FORCE E CH 

OUTPUT MODE 

FOR ADDR TRANSFER 

15.62.01 



SET ECH 1ST CHAR 



SETE CYCLE REQUIRED 
12.12.62 



€) 



OVERLAP 

OR 

UN OVERLAP 



USE E AR AND 

READ OUT CHARACTER 

14.71.35 



USE BAR AND 

READ OUT CHARACTER 

14.71.31 



SET END OF 

RECORD LATCH 

13.63.01 



SET INTERNAL END 

OF TRANSFER LATCH 

13.63.01 



SET INT END 

OF TRANSFER DELAYED 

13.65.05 



FILE STROBE 

SETS STROBE TRIGGER 

15.62.03 



RESET E2 FULL 

AND STROBE TRIGGER 

15.62.04 



SET END OF 2ND ADDR 

TRANSFER LATCH 

13.72.01 



B CH GM • WM 
13.63.01 



SET El REG 

AND El FULL LATCH 

15.62.04 



1 



NO/ FIRST CHAR \ Y ES f^\ 

— — ( 2ND ADDR TRANSFER ) I C 

i3.72.oi / v_y 



NO / E2 FULL LATCH ON \ YES 
15.62.04 



SET E2 REG 

AND E2 FULL LATCH 

15.62.04 



RESET El FULL LATCH 
15.62.04 




STOP LOGIC CLOCK 

11.10.10 



RESET 2ND ADDR 

TRANSFER LATCH 

13.72.01 



Figure 6. 1-2C Disk Address Transfer 
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R / OP MODIFIER 
~ \ RORW 



SETECH INPUT MODE 
15.62.01 



SET E CH OUTPUT MODE 
15.62.01 



u 



RESET END OF 

RECORD LATCH 

13.63.01 



RESET INT END 

OF TRANSFER LATCH 

13.63.01 



RESET INT END 

OF TRANSFER DELAYED 

13.65.05 



RESET END OF 

2ND TRANSFER LATCH 

13.72.01 



S TROBE / file STROBE OR \ END 
V END OF OPERATION / 



FILE STROBE 

SETS STROBE TRIGGER 

15.62.03 



RESET E 2 FULL AND 

STROBE TRIGGER 

15.62.04 



SET E2 REG FROM El REG 
15.62.04 



FILE END OF OPERATION 

IF ADDRESSES DO NOT 

COMPARE 



SET EXT 

END OF TRANSFER 

13.42.11 



WRITE OPERATION 
FIGURE 6.1-3A 

READ OPERATION 
FIGURE 6.1-4A 



OP MODIFIER R OR W V^- 



READ OPERATION 
FIGURE 6. 1-4A 



WRITE OPERATION 
FIGURE 6. 1-3A 



SET E2 REG FULL LATCH 
15.62.04 



RESET El REG 

FULL LATCH 

15.62.04 



Figure 6. 1-2D Disk Address Transfer 
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If the group-mark with a word-mark is not sensed, the file-ring-7 latch is 
checked. As each character in the body of the address field reads out of storage, 
the CPU sends a digit-advance pulse to the file. The digit-advance pulse steps the 
file ring. As the eighth and final character of the address field reads out of stor- 
age, the file ring steps to 7 and turns file-ring-7 latch ON in the CPU. This latch 
initiates the end of first address transfer in the same manner as sensing the group- 
mark with a word-mark. If the character that reads from storage is not a group- 
mark with a word-mark, and if the file ring is not at 7, the character sets into the 
El register and then transfers to the E2 register. The Znd-scan latch sets and 
another D- cycle is taken. 

The 2nd-scan D-cycle transfers the address character from the E2 register to 
the file. The CPU generates an address-strobe pulse to signal the file that a char- 
acter is ready for transfer. The file samples the character in the E2 register each 
time an address- strobe pulse is received. During the 2nd- scan D-cycle, the D- 
address register is modified. The file ring in the file unit is sampled, and if it is 
equal to seven, the file-ring-7 latch in the CPU is conditioned. The no-scan latch 
turned ON and another D-cycle starts. 

At the end of the first address transfer, the file is checked to determine whether 
it is ready and not busy. The characters in the address field are checked for 
parity, and the field is checked for proper length. If all of these conditions are 
satisfied (normal operation), the no-transfer latch turns ON and the second address 
transfer starts. 

Second Address Transfer 

The second address transfer is necessary to compare the address portion of the 
B-field to the indelible address that reads from the file. If the addresses do not 
compare, a file end-of-operation signal is generated and no data transfers. The 
second address transfer occurs in the move mode, and the E-channel is in output 
mode. These conditions are forced regardless of the instruction word. Only seven 
address characters transfer during the second address transfer. The first address 
character (access-arm identification) does not transfer. As the address characters 
read out of storage, they are sensed to determine if the group-mark with a word- 
mark has been reached. The group-mark with a word-mark starts the end of the 
second address transfer. This transfer is in an overlap or unoverlap mode. The 
characters read out, using the E- or B-address registers on E-cycles. An E-cycle 
is required when the El register is not full. 

Strobe pulses, that are generated in the file, control address-character move- 
ment from storage to El and E2 registers. The strobe pulse indicates to the CPU 
that the file has accepted the E2 register character. The El register character 
transfers to the E2 register, and the next storage character reads to the El regis- 
ter. The first strobe pulse from the file resets the no-transfer latch. 

When the character that reads out from storage is sensed as the group-mark 
with a word-mark, the end of the second address transfer starts. Control circuits 
for the second address transfer reset and the conditions that the instruction words 
call for are resumed. If the addresses compare, the CPU is now ready to transfer 
data to or to receive data from the file. 
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6.1.03 Disk Write (Figure 6. 1-3) 

There are three basic disk-write operations: write-a-single-record, write-a-full- 
track, and write-disk-check. Each operation can be given in either the move mode 
or the load mode, overlapped or unoverlapped. Data flow within the CPU is simi- 
lar for each operation. Data transfers from the storage location to the El regis- 
ter. If the E2 register is not full, the data transfers from the El register to the 
E2 register. A character reads out of storage whenever the El register is not full. 

Write a Single Record 

The write-a-single-record operation causes a single record to write on disk storage 
from core storage. The data in core storage should fill the entire disk-unit sector 
area to prevent a CPU wrong-length record indication. As each character reads 
from storage, it is checked for the group-mark with a word-mark or wrap-around 
condition. The d-modifier of the instruction word determines which condition (GM« 
WM or wrap-around) causes the internal end-of-transfer . If the character is nor- 
mal (not GM-WM or wrap-around) it is transferred to the El register, and then, 
to the E2 register, if the E2 register is not full. In the overlap mode, the computer 
takes compute or F-cycles while waiting for the file strobe. The file unit samples 
the output lines from the E2 register, and generates a file-strobe pulse to send to 
the CPU. The file -strobe pulse indicates that the file unit has accepted the char- 
acter from the E2 register. Upon receiving the strobe pulse, the computer transfers 
a new character from storage. 

The CPU senses the GM'WM or wrap-around condition after the last character 
of the record reads out of storage. The internal end-of-transfer is established and 
a disconnect signal is sent to the file. The file unit senses the end of the record 
and sends an end-of-operation signal to the CPU. The data is checked for proper 
parity and correct length, and Write a Single Record is concluded. If the write op- 
eration completes without errors, the read-back check latch is conditioned. The 
write-disk check operation must be the first file operation after the write operation 
or the CPU is stopped. 

Write a Full Track 

The write- a-full-track operation is similar to the write-a-single-record operation 
except for the end of the operation. The internal end-of-transfer is initiated, if the 
CPU senses the GM'WM or the wrap-around condition. The file generates the ex- 
ternal end-of-transfer or file -end- of- operation when the end of the track is sensed. 
Each track contains five records. 

Write Disk Check 

The write-disk-check operation is similar to the write- a- single record operation 
except that no writing occurs in the file. The data transfers to the file and compares 
with the data that reads from the file. File-strobe pulses are generated when the 
file needs new information, and an end-of-operation is generated, if the characters 
do not compare. The no-compare condition causes the end of the write-disk-check 
operation and the E- or F-channel condition indicator is turned on. 
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Figure 6. 1-3A Write Operation 
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6. 1. 04 Disk Read (Figure 6. 1-4) 
General 

The disk-read Op code causes the information that is available at the access arm 
in the file to read out and transfer to the CPU. The command is given in either 
the move or load mode. All information must be read in the same mode in which 
it is written. 

During instruction read-out, the hundreds -position character of the X-control 
field defines the type of operation (overlap or unoverlap), as well as the data 
channel to use (E or F). 

The tens position of the X-control field is always an F to specify a disk opera- 
tion. 

If the units position of the X-control field is a 1, a single record (200 charac- 
ters) transfers to the CPU. A 2 in the units position of the X-control field causes 
an entire track (1000 characters) to read and transfer to the CPU. 

The information that reads from the file is stored in the core-storage unit of 
the CPU starting at the high-order position that is specified by the B-field address. 
The d-modifier character must be an R to specify a read or input operation. 

Read Operation 

If the address transfer is made correctly (see section 6. 1. 02 Disk-Address Transfer ), 
the transfer of file data to the CPU begins. Each time a character is sent to the 
CPU, a strobe pulse is sent to signify the presence of a character on the associated 
data channel (E or F). When the strobe is received, the character is placed in the 
proper data register (El or F 1). 

Assume that E-channel is used, the character transfers to the E2 register, if 
E2 is not full. When the E2 register is full, the CPU starts an E-cycle (overlap) 
or a B-cycle (unoverlap) to transfer the character to core storage. This sequence 
of transfers continues until the end of the record or the end of the track. 

The file unit detects the end-of-record or end-of-track and generates a file- 
end-of-operation signal to send to the CPU. The file-end-of-operation signal sets 
the external end-of-transfer in the CPU. The CPU stores the character in El or 
E2 registers and senses a group-mark with a word-mark. The group-mark with a 
word-mark indication causes the end-of-record and internal end-of-transfer set. 
If the GM'WM is not sensed on this cycle, only the internal end-of-transfer sets, 
and a wrong-length record indication is established at status sample B-time. The 
wrong-length record also sets, if the GM-WM is sensed before external end-of- 
transfer. 

With both internal and external transfers complete, the status sample B-pulse 
checks to determine whether a parity error occurred in the CPU or in the file unit. 
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Figure 6.1-4A File Read Operation 
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Figure 6.1-4B File Read Operation 
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Figure 6. 1-4C File Read Operation 
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If an error occurred, the data-check status indicator sets. The status sample B- 
pulse also checks for wrong-length record after the indicators are set, the CPU 
is released to continue with the stored program. 

6. 1. 05 Disk- Write Address 

General 

The write-address Op code allows the customer engineer to write a single, indelible 
address on a disk. The write-address key that is located on the disk-control-unit 
CE panel, must be ON before the instruction is executed. 

Write- Address Operation (Figure 6. 1-2) 

The write-address operation starts with a first address transfer (see section 
6. 1. 02 Disk Address Transfer ). When the Addr TFR gate to the file drops after 
the first address transfer, the write gate is brought up to allow the file to write 
the address that transferred during second address transfer. 

At the end of the second address transfer, unit number 4 prevents setting End 
of 2nd Addr TFR latch. This prevents the reset of End of Record, Int End of TFR , 
and Int End of TFR Delayed . The file sends End of Op after the address writes. 
This sets Ext End of TFR . Any parity error that is detected in the file, sets the 
data-check latch at status sample B-time. Status sample B also brings up the last 
execute cycle, if unoverlapped, to allow the program to proceed to the next instruc- 
tion. 
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7.0.00 IBM 1415 CONSOLE AND INPUT-OUTPUT 

PRINTER 



General Description 

Information is received from and sent to the IBM 1411 Central Processing Unit 
through the input-output printer. The printer can print all 64 IBM 1410-characters, 
44 lower-case characters, and 20 upper-case characters. In addition, the printer 
can print an inverted circumflex or word-mark symbol (v ) over any character that 
has a word-mark associated with it. If the printer detects a parity error, the 
character in error is underscored ( ). 

Because it is possible to enter word marks from the printer, 128 different 
valid-bit configurations can enter the CPU from the console printer: 64 valid char- 
acters, plus the same 64 characters with word marks. 

Three different types of print-outs can occur on the printer: stop print-out, 
display, and program print-out. 

Stop Print- Out 

Whenever the CPU stops (either after an error occurs or at the end of a cycle on 
a single-cycle operation, or after a normal stop), the printer prints out the contents 
of the instruction address register, A-address register, B-address register, Op- 
register, Op-modifier register, A-data register, B-data channel, assembly chan- 
nel, channel 1 unit-select register, channel 1 unit-number register, and (if two 
channels are in the system) channel 2 unit-select register and channel 2 unit-num- 
ber register. The stop print-out can also be started by the start print switch. 

Display Print-Out 

During a display operation from the console, the printer prints out the information 
stored in memory, starting at a previously entered address and going until the op- 
erator terminates the display. 

Programmed Print-Out 

On a program print-out, the printer prints all the information that the programmer 
sends to it. 

During address-set, display, alter, inquiry, and storage-scan operations, the 
printer enters information into the 1411. A five-digit address is keyed in on ad- 
dress set, display, and storage scan. In alter and inquiry, information is keyed 
into memory from the printer, including word marks, except on an inquiry-move 
operation. 

The input- output printer consists of three main areas as far as the system is 
concerned: the keyboard for manual input, the solenoids for system output, and 
the cams and transmitting contacts. The printer has four basic cycles: print 
cycle, shift cycle, space cycle, and carriage-return cycle. 
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A print cycle can be initiated either from the keyboard or from the solenoids. 
Pressing a key to print a character, mechanically selects a particular combination 
of the seven mechanical-print-selection latches that govern the tilt and rotate mo- 
tion of the print head. There is one solenoid for each print-selection latch. There- 
fore, by energizing the combination of solenoids, which is the same as the combi- 
nation of latches selected by the key, the same print-selection latches are picked 
that were picked by pressing the key, and the same character prints on the. paper. 
At least one selection latch must be picked to cause a print cycle. 

The seven selection latches (and solenoids) are Rl, R2, R2A, and R5 (which 
govern the rotation of the print head), Tl and T2 (which govern the tilt motion of 
the print head), and CHK (which is used for an internal parity check), (see Figure 
7. 0-1). If no-tilt solenoids energize, the head tilts its maximum of three units. It 
tilts two units if Tl energizes, one unit if T2 energizes, and there is no tilt motion 
if both Tl and T2 solenoids energize. If no rotate solenoids energize, the head ro- 
tates five units counterclockwise. Energizing Rl rotates the head five units minus 
one unit, or four units counterclockwise. 

In a similar manner, picking only R2A causes three counterclockwise units of 
rotation. Picking R2A and Rl causes two counterclockwise units of rotation. Picking 
R2A and R2 causes one unit of counterclockwise rotation. In order to obtain no ro- 
tation either R2, R2A, and Rl must all energize, or else only R5. Energizing R5 
moves the head in a clockwise direction when any other rotate latch is selected. With 
R5 energized, the movement is one unit in the clockwise direction with Rl also 
energized; two units with R2A energized; three units with R2A and Rl; four units 
with R2A and R2; and the full five units of clockwise rotation with all rotate sole- 
noids energized. 

Associated with each latch are four sets of transfer points that the cams operate 
when the print cycle takes place. The points for the R5 latch transfer when the 
solenoid energizes, but the points that are associated with all the other latches 
transfer when the solenoid is not energized. 

A print cycle on the input-output printer operates in the following manner. The 
appropriate latches to print the desired character are selected either by key or by 
solenoid. After the latches are selected, the cycle clutch engages if this is the 
initial print cycle. If the printer has been printing and the latches for the next char- 
acter are selected fast enough, the clutch remains engaged. The print clutch re- 
mains engaged, unless the printer fails to have its latches selected for the next 
character within five milliseconds of the finish of the previous character. The 
first point to close after the print-cycle shaft begins to rotate is the normally open 
point of cam C2 (Figure 7. 0-2). The closing of this point signals that the drive to 
the solenoids should be dropped. The transfer points associated with the print se- 
lection transfer next. After these points transfer and the bounce is out of them, 
the normally open point of cam CI closes. This signals that the information on the 
transmitting contacts (transfer points) is now available. Next the print- selection 
latches mechanically reset and the character prints on the paper. After the char- 
acter is printed, the normally closed point on cam C2 is restored to normal. This 
signals that the printer is ready for its next character. A few milliseconds later, 
cam CI is restored to normal. 
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Shift Cycle 

Associated with a shift operation are a pair of transfer points that signal whether 
the printer is in upper case or in lower case, and a pair of cams, C3 and C4. C3 
transfers on a lower-case to upper-case shift. C4 transfers on an upper-case to 
lower-case shift. The printer remains in upper case when controlled by the sole- 
noids until a lower-case shift is called for. A shift operation can occur simultan- 
eously with a backspace operation but not simultaneously with a print cycle. 

After a shift cycle starts, the normally open point of C3 or C4 closes. This 
signals that the drive to the solenoid should be dropped. The transfer points then 
transfer to the new case. When C3 or C4 return to their normally closed state, 
the next cycle can start. 

Space Cycle 

Pressing the word mark key (tab key), space bar, or energizing the space or back- 
space solenoids causes the printer to take a spacing cycle. A backspace operation 
cannot be initiated from the keyboard. As the spacing shaft begins to rotate, if 
the cycle is a space cycle, a pair of normally open points close to signal that a 
space operation is taking place. If the operation is caused by pressing the word- 
mark key, a normally open point closes to enter a word mark into the system. 
There is no such transmitting contact associated with backspace. After the trans- 
mitting contacts close, the normally open point of cam C5 closes to signal that 
the drive to the solenoids should be ended. After the operation is completed, the 
normally closed point of cam C5 again closes to signal that the printer is now ready 
for its next cycle. This signal is followed by the opening of the transmitting con- 
tacts. 

Carriage Return Cycle 

A carriage return and index operations can be initiated only from the solenoid. 
The printer executes the index operation first, and then the print head returns to 
the left margin. As the cycle begins, the normally open point on the carriage re- 
turn interlock closes to signal that the drive to the solenoid should be ended. When 
the carriage return ends, the normally closed point on the interlock is restored. 
It signals the next cycle to get underway. When the keyboard on the printer is 
locked, all character keys, the word-mark key, shift keys, and the space bar are 
inoperative. The keyboard is unlocked by energizing the lock solenoid. A set of 
transfer points on the printer indicates the state of the keyboard. The normally 
closed point on this keyboard-mode contact represents the unlocked state. The 
normally open point represents the locked state. 

The last column contact closes near the end of the cycle occurring in the next- 
to-the-last column to signal that the next character will be in the last column. 

Three inquiry keys are also housed on the I/O printer. The inquiry request 
key (carriage return key) is a normally open point that is used to request an in- 
quiry. The inquiry release key (backspace key) is a normally open point that is 
used to signal the end of an inquiry message. An inquiry can be cancelled by press- 
ing the inquiry cancel key (index key). 
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Figure 7.1-1 Console Clock 
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7. 1. 00 CONSOLE FUNCTIONAL UNITS 

7. I. 01 Console Clock (Figure 7. 1-1) 

The console clock-timing pulses set up all printer and console controls. The CPU 
oscillator drives this clock. It runs continuously and is completely independent of 
any other clock in the system. It provides four . 75-microsecond pulses that are 
called console clock one position, console clock two position , console clock three 
position , and console clock four position . The program reset line resets the clock 
to the 1 position. 

7. 1. 02 Console Cycle-Control Matrix 

The console cycle-control matrix-ring gates out information from the central pro- 
cessing unit to the console printer, gates in information to the CPU from the con- 
sole, and sets up controls to space or return the carriage, or to print a special 
character. 

All console operations are controlled by the console matrix. The matrix con- 
sists of seven X-triggers and six Y-triggers. The X-triggers are called X1A, XI, 
X2, X3, X4, X5, and X6. The Y-triggers are called Yl, Y2, Y3, Y4, Y5, and 
Y6. The combination of one X-trigger and one Y-trigger turned ON can: 

1. set up a gate to allow a unit, or a position of a unit, in the CPU to be read out 
and printed by the console printer. 

2. set up a gate to permit console information to enter the CPU. 

3. set up controls to space or return the carriage or to print a special character. 

The console matrix remains in home position (X6 trigger ON, all Y-triggers OFF) 
between console operations. 

The progress of the ring and steps that it takes varies with the type of console 
operation being performed. Figure 7. 1-2 illustrates the steps that are taken and 
the function that takes place during each matrix step in a stop print-out operation. 
Figure 7. 1-3 illustrates the function that takes place during each of the 36 matrix 
positions. The progress of the ring and the steps it uses again varies with the 
type of console operation being performed. 

7. 1.03 Console Cycle-Control M atrix- Advance 

The console cycle-control matrix advances during a print-out operation with a 
console clock two-position when the Cons Prtr Not-Busy latch is ON. Because the 
matrix advances much faster than the mechanical operation completes, it is neces- 
sary to interlock the advance pulses. This is done by resetting the Cons Prtr Not- 
Busy latch after advancing the matrix, and by keeping the latch OFF until the opera- 
tion completes (Figure 7. 1-4). 
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7. 1. 04 Character-Print Operation (Figure 7. 1-5) 
Output 

The first operation of every console operation is printing the print-out identifica- 
tion character. Before an operation starts, the matrix is in the home position, 
the keyboard is locked ( Prtr Locked Cnd Proceed trigger ON), and the Cons Prtr 
Not-Busy latch is ON. The type of operation gates the matrix to position 30 or 35. 
The next matrix advance sets the matrix triggers. The console-matr ix-not-at- 
home conditions the take-console-printer-cycle gate, if the matrix-controlled 
function is not a manual operation (keyboard unlocked). Take Console Printer 
Cycle gates on the Reset Printer Not-Busy latch. This resets the Cons Prtr Not- 
Busy latch to prevent the matrix from advancing until the printer cycle completes. 

For a character-print operation, the matrix position gates the character to 
the console output bit lines. If the character has a WM, a WM routine is necessary 
to print the WM with the character under it. If there is no WM, the Cons Char Ctrl 
latch sets. 

The console output lines are analyzed to determine whether the character is an 
upper-case (UC)or lower-case (LC) character. A bit configuration of 8 • "? • 2 • 1 • 
or 8 • 4 indicates a UC character. The LC and UC contacts indicate the shift that 
the printer is already in. The Cons Char Ctrl latch indicates that the character 
on the output lines is to be printed, and it allows the output bit lines to energize 
the UC or LC shift solenoids if a shift is required. 

If a shift cycle is taken, the console printer shift- complete line is deconditioned 
until the shift cycle completes. The shift-complete line gates the setting of the 
solenoid-driver strobe latch that along with the console character control latch 
gates the output lines to energize the rotate, tilt and check solenoids. 

Any solenoid that is energized trips the print clutch to start the print cycle. 
When C2 makes at 35°, the console check strobe sets. This resets the solenoid- 
driver strobe to de-energize the solenoids. 

When CI makes at 70° with the console character control latch ON, the console- 
printer-strobe trigger sets to test the parity of the character being printed. If the 
number of contacts that transfer is odd, there should not be a word-mark. If the 
number of contacts that transfer is even, there must be a word-mark. When these 
conditions are not satisfied, the console output error latch sets. This causes an 
error routine to underscore the erroneous character. 

The check solenoid is the only solenoid that is energized when a period prints 
(WM C B A 8 4 2 1). When a period prints with a WM over it (WM C B A 8 4 2 1) 
the C-bit normally prevents energizing the check solenoid, but at least one solenoid 
must be energized to start a print cycle. When this character appears on the out- 
put lines, it gates the check solenoid to force the print cycle, and sets the word- 
mark period latch. With only the check solenoid energized, the number of contacts 
that transfer is odd (1). Word-Mark Period Latch ON prevents the console printer 
strobe from testing the contacts for parity, because an odd number of contacts that 
transfer combined with Word Mark would turn on the output error latch. 
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When cam C2 opens toward the end of the print cycle, it turns OFF the console 
check strobe latch that starts the console cycle-latch-set pulse to set the console 
printer-not-busy latch. The console cycle-latch-reset resets the character con- 
trol latch. With the console printer-not-busy latch ON, the console matrix can now 
advance, and the printer takes its next cycle. 

Input 

With input operations, the matrix controls when the keyboard unlocks. Pressing 
a character key starts a print cycle during which the latch contacts transfer and 
are decoded into BCD (40. 30. 01). When the printer strobe trigger sets ON, the 
output of the latch contacts is gated to the CPU on the E-channel. The matrix may 
or may not advance depending on the operation. 

7. 1. 05 Space Operation (Figure 7. 1-5) 

Output 

After every print-out identification character, the printer spaces before the first 
character of the line. At the completion of the character print, the console printer - 
not-busy latch advances the matrix to position 36 or 31, depending on the operation. 
Positions 31 and 36 gate the console space function that sets the function control 
latch and prevents setting the console character control latch. Cons Char Ctrl 
latch not ON prevents energizing any rotate and tilt solenoids. The function control 
latch and the solenoid driver strobe energize the space solenoid to start a space 
cycle. 

During the space cycle, C5 sets the check strobe. The space N/O contact sets 
Prtr Strobe and prevents setting the output error latch. Again when the check strobe 
resets, the Cons Prtr-Not-Busy latch sets to allow the matrix to advance. 

Input 

During the input mode, the space key is pressed to enter a blank into the CPU. 
During the space cycle the space N/O contact makes to gate a C-bit to the CPU. 

7. 1. 06 Output Error Routine 

The output error routine causes the printer to backspace and to print an underscore 
under the erroneous character before the matrix advances to the next position. 

When the parity of the character is incorrect, the printer strobe sets the output 
error latch. At the end of the print cycle, the output error latch combines with 
the Cons Char Ctrl latch that is still ON, to set the Cons Bksp Ctrl latch. The 
Bksp Ctrl latch gates the printer to UC, if required, because the underscore is a 
UC character. The Cons Char Ctrl latch resets to prevent gating the output lines 
to the rotate and tilt solenoids during the backspace and underscore print cycle. 

Because a shift and backspace cycle can take place simultaneously, Bksp Ctrl 
keeps Shift Complete up to set the solenoid driver strobe. The solenoid driver 
strobe and the Bksp Ctrl latch gate the Bksp Solenoid to start the Bksp Cycle . C5 
again is used to control the check strobe. When the check strobe resets, the output 
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error latch is still ON but the Cons Char Ctrl is not ON. This condition sets the 
Error Ctrl latch to reset the Bksp Ctrl latch, and gates the Tl, T2 and check sole- 
noids to print the underscore. The solenoid driver strobe again controls energizing 
the solenoids. 

When the check strobe sets, the Error Ctrl latch gates the reset of the output 
error latch. At the end of the print cycle, the Cons Prtr-Not-Busy latch sets and 
the matrix advances to the next position. 

7. 1. 07 Word-Mark Control (Figure 7. 1-5) 

Output 

When the matrix gates a character to the console output lines, the presence of a 
word mark sets the console word-mark control latch. This latch causes a word 
mark to print. This is followed by a backspace and another print cycle to print 
the character. The console character-control latch, is not set for the first print 
cycle. This prevents the output lines from energizing the rotate and tilt solenoids. 
Setting the word-mark control latch resets the console printer -not-busy latch that 
prevents the matrix ring from advancing. If the printer is not already in upper- 
case shift,the WM control latch causes a shift cycle. When the console printer- 
shift- complete line comes up, the solenoid driver-strobe latch sets and the word 
mark (inverted circumflex) is printed. The control printer-strobe trigger is not 
turned ON during the word-mark print cycle because the console-character control 
latch was not turned ON. 

When the check strobe is reset at the end of the word-mark print cycle, the 
backspace control latch is turned on. Setting the backspace control latch allows a 
shift cycle to occur if the character to be printed under the word mark is a lower- 
case character. The backspace control latch also keeps the console printer shift- 
complete -line up to set the solenoid-driver strobe. 

The solenoid driver- strobe energizes the backspace solenoid since a shift and 
backspace cycle can be done simultaneously. When check strobe is reset at the 
end of the backspace cycle, the console cycle -latch- set pulse sets the console char- 
acter control latch. The solenoid driver strobe energizes the rotate and tilt sole- 
noids depending on the character that is to be printed. The character is printed 
under the word-mark symbol in the same manner as in a normal print cycle. At 
the completion of the print cycle, the console-printer-not-busy latch sets. This 
allows the matrix ring to advance. 

Input 

When it is desired to enter a WM into the CPU, first press the WM key to a 
Space/Bksp/ WM cycle. During the cycle the WM N/O contact transfers to set 
the WM Ctrl latch, if the operation is a console write or alter operation. 

The WM Ctrl latch locks the keyboard and starts the same WM routine as in 
output mode. During the backspace cycle Alter Inquiry Unlock, and Bksp Ctrl 
latch energize the LC shift solenoid to return the printer from UC. At the end of 
the Bksp cycle the keyboard again unlocks and the operator proceeds with the op- 
eration. 
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7.1. 08 Carriage Return (Figure 7. 1-5) 

Console matrix positions 6A and 34 or console printer end-of-line start a carriage- 
return operation by bringing up the console carriage-return line. The console 
printer-not-busy latch resets to prevent the matrix from advancing during the 
carriage-return operation. Energizing the carriage-return solenoid starts the 
carriage-return cycle. The carriage-return interlock contact transfers at 145° 
and remains transferred until the carriage fully returns. When the contact trans- 
fers at 145°, the console check-strobe trigger sets and remains set until the con- 
tact transfers back to normal when the carriage fully returns. Resetting the con- 
sole check-strobe trigger allows the console cycle-latch-set and the console cycle- 
latch reset lines to be brought up. The console cycle-latch-set line sets the con- 
sole printer -not -busy latch. This allows the matrix to advance to the next or 
home position, depending on the console operation. The console cycle-latch-reset 
line resets the function control latch and ends the operation. 

7. 1. 09 Stop Print-Out (Figure 7. 1-6) 

A stop print-out operation is started by any one of three major conditions. The 
three major conditions are: normal stop , single-cycle stop, and error stop. 

A normal stop occurs with any one of these conditions: 

1. A program stop Op code. 

2. A pressed stop key. 

3. Rotating of the mode switch to another position. 

4. An input-output error when the machine is in the 1401 mode and the input- 
output-check stop-switch is ON. 

5. The address stop switch on 1411 CE panel is turned ON. 

A single cycle stop occurs at the completion of the instruction read-out and 
at the end of an execute cycle when in the instruction- execute mode, at the com- 
pletion of each memory cycle when in the storage cycle mode, and at the end of 
each logic gate pulse when in the logic step mode. 

An error stop occurs whenever the master error line energizes. 

A stop print-out operation cannot occur until the central processing unit clock 
stops. The CPU clock cannot stop, if the E- and F-channels are in use. After 
the CPU clock stops, the console enable-stop print-out line comes up to start a 
carriage return. If the stop condition latch is OFF when a stop print-out opera- 
tion is signalled, the 1410 system stops and no printing takes place. 

The stop condition latch is ON, except when the mode switch is in the display 
or alter positions, or except when the print-out inhibit switch is ON. At the com- 
pletion of the carriage- return cycle, the console stop-carriage-return complete 
line is brought up to allow the console stop-print latch to set. The console stop- 
print latch gates the console matrix into position 35, where an S is printed for a 
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Figure 7, 1-6C Stop Print-Out Operation 
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normal stop, a C for a single cycle stop, and an E for an error stop. After the 
special character is printed, a space occurs in matrix position 36, and the matrix 
advances to position 1 to begin the print-out of the IAR register. 

Whenever the XI, X2, or X3 triggers in the control matrix are ON, the console 
address-register exit-gate line gates the address -register exit-channel to the con- 
sole. The console matrix Xl-position line gates the IAR register to read out to 
the address bus. Console matrix Yl-position gates the ten-thousands -position 
digit from the address bus to the printer. Console matrix Y2-position prints the 
thousands -position-digit, Y3 the hundreds -position, Y4 the tens-position, and 
Y5 the units -position. Console matrix Y6 combines with XI or X2 or X3 (posi- 
tions 6, 12, and 18) to start a space cycle. In a similar manner, the AAR and 
the BAR registers print out with console matrix X2 and X3 positions respectively. 

Matrix position 19 gates the Op code register to the console output lines. Fig- 
ure 7.1-2 illustrates the unit of the machine that is gated to the console output 
lines for each console matrix position. Matrix positions 28 and 29 gate the unit- 
select register and unit-number register (channel F) to the console output lines 
if the machine has two I/O channels. If the machine has only one I/O channel, 
the matrix advances through positions 28 and 29 without printing. Take Console 
Printer Cycle is blocked by positions 28 and 29 to prevent setting the reset- 
printer-not-busy latch. Cons Prtr-Not-Busy latch stays ON to gate Cons Clock 
Two Position pulses to advance the matrix through position 29. 

The matrix skips from position 29 to 34 and a carriage return starts in posi- 
tion 34. After the carriage return, the matrix returns to home position and the 
console stop print latch resets. 

With both the console-stop print-latch and the stop- condition latch OFF, the 
console-stop-print-complete line comes up. This allows the operator to start 
another operation. 

7. 1. 10 Inquiry 



The 1415 console can be an inquiry station by use of the console inquiry keys. The 
keys are operated in the following order during an inquiry request operation. 

Request Key 

Start an inquiry by pressing the request key. The request key turns the console 
inquiry request latch ON. The programmer can arrange the program to operate 
in the following manner: 

1. The program advances to a condition test instruction J(I)Q. 

2. If the console inquiry request latch is ON, the program branches to a read con- 
sole printer instruction, M/L.%T0(B)R. 

3. If the inquiry request latch is OFF, the program continues until the J(I)Q in- 
struction is executed again. 
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4. When the inquiry request is granted, the console printer instruction unlocks 
the keyboard so the operator can enter keyed data in the storage area desig- 
nated by the B-address. 

Release Key 

After the correct number of characters enter, press the release key. The pro- 
grammer has already indicated the correct length of the B-field of the M(%T0)(B)R 
instruction by placing a group-mark with a word-mark in the next higher storage 
location. After the last inquiry character enters in storage, press the release key. 
Another character reads out of storage as a result. This character must be a 
GM'WM in order to obtain a correct-length record check. 

Pressing the release key also returns the carriage.locks the keyboard, and 
resets the inquiry request latch. 

Cancel Key 

The inquiry routine in process can be ended by the cancel key in the same way as 
with the release key. Pressing the cancel key causes the same functional opera- 
tions as the release key, except that the E- channel- condition status indicator sets. 
The programmer must then test the condition indicator to determine that a cancel 
took place. A carriage-return and an index operation occur after cancel, and the 
program resumes. 

Read Console Printer, M%T0(B)R or L%T0(B)R 

After pressing the inquiry request key and the console inquiry request latch sets, 
the program advances to a condition-test branch instruction that tests the inquiry 
request latch. If it is ON, the program branches to a read-console-printer in- 
struction. 

Op- Code Function 

The following sequence of events takes place after the read-console-printer com- 
mand is detected: 

1. The console printer prints the letter I. 

2. A single space occurs. 

3. The keyboard unlocks. 

4. The operator enters characters from the keyboard. The first inquiry character 
is placed in the B-field address specified by the read console command. Sub- 
sequent characters are placed in next higher storage positions. 

5. After the last character enters, press the release key. If the group-mark 
with a word-mark that was placed in storage by the programmer reads out at 
this time, correct-length record is signalled and the program advances to the 
next instruction. 
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6. A carriage return starts after each printing line and after pressing the release 
key. The keyboard locks at the end of the operation. 

Operation (Figure 7. 1-7) 

When either an M or L%T0(B)R instruction is given, the select unit T-line comes 
up to select the console. The E-channel status indicators reset. If a read-console- 
printer instruction is given without the console-inquiry-request latch ON, the E- 
channel status sample A-pulse sets the no-transfer status latch. A last execute 
cycle is signalled and the program moves to the next instruction. 

If the test of the status latches indicates that none are ON, the console read Op 
line turns ON. If the operation is M, the console move-read Op line also comes 
ON. The following sequence of events occurs: 

1. Print I. The console read Op line causes the matrix to set to position 30. This 
forces the printing of the letter I to identify the operation as an inquiry. 

2. Space. The matrix steps into position 31 where a printer space operation 
occurs. 

3. Unlock keyboard. After the space, the matrix steps into position 32. This un- 
locks the keyboard so the operator can key the inquiry request. 

4. Gate Character to El. The console read Op line sets up a gate to switch the 
console output to the input gate on the El register. When the operator presses 
a character key, a console strobe pulse results. This sets the BCD-coded 
character in the El register. 

5. Enter word marks. If an L%T0(B)R command is being executed, the operator 
may enter word marks as in an alter operation. If an M%T0(B)R instruction 
is given, no word marks can be entered by pressing the word-mark key. 

6. Transfer character to E2. When E2 is not full and El is full, a set-E2- signal 
sets the E2 register from El. 

7. Store E2 in B-field. An E-cycle now takes place. This stores the contents of 
E2 in the B-address. The character is gated from E2 to the A-channel, and to 
assembly. The BAR is modified by plus-one during the store cycle. 

8. Inquiry release. In entering the complete record, press the inquiry release 
key. This generates an external end-of-transfer signal. Another E-cycle is 
signalled, and the next character that reads out should be a group-mark with 
a word-mark. If it is, the end-of-record latch sets and the B-channel zone, 
numerical, and WM are stored to keep the group-mark with a word-mark intact 
in storage. 

A test is now made for a wrong-length record. Because no character key 
was pressed to read out the GM-WM, the E2 full latch and the E-channel strobe 
trigger should be OFF. If either are ON, a wrong-length record is signalled. 
Otherwise, correct-length record sets. In either case, the channel-in-process 
latch resets and last execute cycle sets (Unovlp). The wrong-length-record 
status indicator must be tested by the programmer after the program advances. 
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Figure 7.1-7A Inquiry Request and I/O Printer Read 
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Figure 7.1-7B Inquiry Request and I/O Printer Read 
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Figure 7. 1-7C Inquiry Request and I/O Printer Read 
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If the operator presses the release key before entering the last character 
of the message, El and EZ Not Full , set the last input cycle. With last input 
cycle ON and no GM-WM, the internal end-of-transfer latch sets but end-of- 
record remains OFF. The test for correct-length record now finds both E2 
full and E-channel strobe OFF. But end-of-record is also off, so that wrong- 
length record sets. 

If a character key operates after the correct number of characters is en- 
tered, a GM • WM is sensed. The character is not stored, and the end-of- 
record latch sets. Because no external end-of-transfer is generated, nothing 
happens until the operator presses either the cancel or release key. External 
end-of-transfer is set, and with internal end-of-transfer ON. The wrong- 
length record can be set because EZ Full is ON. 

9. Inquiry Cancel. The cancel key operates- the same as the release key except 
that the condition latch is set. This is tested by the programmer to determine 
that a Cancel takes place. If the cancel key is operated after the correct num- 
ber of characters enter, the correct-length record sets. If the cancel key is 
operated before the correct number of characters enter, the wrong-length 
record turns on and the indicator must be tested by the programmer. 

10. Lock keyboard and single carriage return. When E-channel status sample B 
comes on after either the release key or cancel key is pressed, E-Ch-in- 
Process turns off. This causes the reset of the console read Op signal 
(41. 30. 0Z). With console read Op OFF, the inquiry keyboard unlock line drops 
and the keyboard locks. 

The Prtr Locked Cnd Proceed line comes back on when the keyboard locks. 
This allows the matrix drive to continue through position 33 to 34, where a 
carriage return is signalled. The matrix then advances to the home position. 

7. I. 11 Write Console Printer, M%T0(B)W or L%T0(B)W 

Op- Code Function 

The console write command causes the following sequence of events. 

1. The character R types (signifies a reply). 

2. A single space occurs. 

3. The data from the B-field transfers from storage and is printed by the con- 
sole I/O printer until a group-mark with a word-mark is sensed in storage. 
The I/O printer spaces when a valid blank is sensed in storage on a M-Op. On 
a L-Op, a b prints for a blank. Inverted circumflexes print for word marks 
on L - Ops only. 

4. Carriage return and index operations occur at the end of each printer line, and 
at the end of the operation. 

5. The program continues with the next instruction (Unovlp). 
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Operation (Figure 7. 1-8) 

When the M or L. instruction reads out, the E-channel reset line resets all the I/O 
status latches. If the console cycle-control matrix is not in home position, the 
E-channel status sample A-pulse sets the E-channel busy status indicator. This 
situation occurs if at the end of a previous-read console-printer operation, the 
carriage return was not complete. The console matrix will not be returned to 
the home position. The status indicators are tested, and if any are on, a last- 
execute cycle (unoverlap mode) is signalled, and the program goes on to the next 
instruction. 

If the status latches are OFF, the console write Op signal develops. This 
causes the matrix to set at position 30. Matrix position 30 prints the special char- 
acter R to identify the print-out. The matrix advances to position 31 where a 
space operation starts. At the completion of the space, the matrix moves to posi- 
tion 32. 

While the matrix-position-30 operation takes place, the first E-cycle is com- 
pleted to fill El. The character in El transfers to E2 and a second E-cycle takes 
place to fill El. Thus, by the time the matrix advances to position 32, both El 
and E2 are filled. Console write Op switches with console matrix position 32 to 
gate the character in E2 to the console output lines. The character prints and a 
console strobe pulse is sent back to the CPU to cause the reset of the E2 full latch. 
With the E2 full latch OFF, the E2 register is filled from El, and another E-cycle 
( Unovlp ) is taken to refill El. With E2 filled, another character can be printed. 

The following sequence of events takes place to end the operation. 

1. The E2 full latch resets after the next-to-last character prints. 

2. The last character transfers from El to E2. 

3. Not Int End- of- Transfer causes another E-cycle in which the group-mark with a 
word-mark reads out of storage. This sets E-Ch Int End-of-Transfer and pre- 
vents the setting of El with the B-channel character. 

4. With E2 full, another print operation takes place to print the last character. 
E2 Full resets OFF as usual. 

5. With both El Full and E2 Full OFF, Ext End-of-Transfer sets. This turns on 
E-Ch Status Sample B to force the last execute cycle (Unovlp). 

6. The E-channel status sample B-delay impulse resets E-Ch Unovlp-in-Process 
and, in turn, E - Ch -in -Process. When E-Ch-in-Process drops, Console Write 
Op goes OFF. ~ _ ~~ ' 

7. With Console Write Op OFF, the matrix advances to position 34 where a carriage 
return is set up. 

Any errors that occur during the operation, except an I/O printer error during 
transfer, stop the system. 

311 



CONSOLE WRITE 



SET I/O 

INTERLOCK LATCH 

18.14.7! 



RI^GIVEN 
NO / SINCE LAST \ YES 

^ E CH I/O COMMAND 
15.62.02 



SELECT UNIT T 
13.50.03 



RESET E CH 

STATUS INDICATORS 

15.41.12 



SET E CH BUSY 

STATUS INDICATOR 

12.62.02 



CONSOLE AT 
HOME POS 
45.30.01 




NO/ ANY STATUS ON \ YES 
OR OVLP OP CODE 



SET LAST EXEC CYCLE 



SET E CHIN PROCESS 
13.60.04 



ANY STATUS \ ANY 
ON OR OVLP 



GOTO NEXT SEQ INSTR 



SET OUTPUT LATCH 



CONS WRITE OP 
41.40.01 



GATE MX TO POS 30 
45.20.04-06 



GATE SPEC CHAR R 

TO CONS OUTPUT LINES 

42.10.10 



SET E CYCLE REQUIRED 
12.12.62 



PRINT CYCLE STARTS 



<D 



OVLP / OVLP \ UNOVLP 

UNOVLP 



NO / COMPUTER AT \ YES 
END OF CYCLE 



USE EXTEN RING 



USE E AR TO RO 

B FIELD CHAR 
14.71.35 



USE NORMAL 
LOGIC CLK 



USE B AR TO RO 

B FIELD CHAR 

14.71.31 



Figure 7. 1-8A Console Write 
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Figure 7. 1-8B Console Write 
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Figure 7. 1-8C Console Write 
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7. 1. 12 Console Address Set 

Description (Figure 7. 1-9) 

The console address set feature of the 1415 permits an address to enter into any ad- 
dress register in the CPU by means of the input-output printer. The operation 
starts by rotating the mode switch to the address set position. If the system has 
not already stopped, the rotation of the mode switch from one position to another 
stops it, and initiates a stop print-out operation. The address register that is to 
be altered is selected with the address entry switch on the console CE panel. If 
this switch is set to Normal, the address set by the operator enters IAR. When 
the system starts in one of the run modes, the program starts at the new address. 
Pressing the start key starts the address -set routine, if the CPU clock was stopped 
at logic gate A. The system always stops at logic gate A except when the previous 
operation was in the single logic step mode. The start key must be pressed after 
the completion of stop print-out. Pressing the start key r'esets the address regis- 
ter that the address entry switch selected. 

If the address entry switch is in the normal position, all branch latches reset, 
except the no-branch latch, which sets. This insures that the program restarts 
with the address set in IAR. 

The necessary gates are now brought up to reset the register that is selected 
by the address entry switch, and to gate the console matrix to position 35. In ma- 
trix position 35, the special character that identifies the operation prints. If the 
address entry switch is in the normal position, a B prints. If the switch is in any 
other position, a number sign (#) prints. When the console printer -not-busy latch 
sets at the completion of the special character print cycle, the matrix advances to 
position 36, and initiates a space cycle. 

When the space operation is complete, the matrix advances to position 1A 
(X1A-Y1). At this time, the keyboard unlocks and the necessary gates are brought 
up to allow information from the console to enter the address register that the 
address entry switch selects. When the key on the printer is pressed, the first 
character prints. When the latch contacts make, they are decoded into BCD code 
and gated to the tens-thousands position of the selected address register. 

At the completion of the print cycle, the matrix advances to the Y2 position. 
The second character enters the thousands position of the register. This operation 
continues until the fifth character enters the units position when Y5 is ON. When 
the last digit of the address enters in the register, the address-set routine latch 
resets, the keyboard locks, and the matrix advances to the Y6 position. Once the 
keyboard is locked, a carriage return operation starts. When the carriage return 
operation completes, the matrix advances to home position (X6 trigger ON, all Y 
triggers OFF). 

There is no error detection during the address set operation, because the CPU 
stops and none of the error circuits are sampled. 
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Figure 7. 1-9A Address Set Routine 
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Figure 7.1-9B Address Set Routine 
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7. 1. 13 Console Display 
Description (Figure 7. 1-10) 

The display routine allows the operator to print the contents of any location in 
storage on the console input-output printer. The display can be as short as two 
characters or it can be many lines in length. 

To initiate a display operation, the mode switch is rotated to the display posi- 
tion. If the system did not stop before moving the mode switch, it stops when the 
switch moves, and a normal stop print-out follows. With the console control ma- 
trix returned to its home position following the stop print-out, and the CPU stopped 
at the last execute cycle, pressing the start key starts the display operation. The 
display operation starts with an address set routine during which the address of the 
area in storage that is to be displayed reads into the CAR. 

The CAR resets and the console matrix sets to position 35. The special charac- 
ter D prints at matrix position 35 to identify this as a display operation. When the 
console printer-not-busy latch sets at the completion of the printing of the D, the 
matrix advances to position 36, where a space operation starts. At the completion 
of the space cycle, the matrix advances to position 1A (X1A-Y1) and the keyboard 
unlocks. Key in at this time the five digits of the address for the storage location 
of the first display character. The five digit address reads into the CAR in the 
same way as described in the section, 7.1.12 Console Address Set. 

After the address sets in the C-address register, and the carriage- return cycle 
completes, the matrix skips from position 6A to position 30 where another D prints. 
While the console printer is printing the D, a console strobe pulse is sent to the 
CPU. The console strobe pulse starts the CPU clock and the CPU takes a D-cycle. 
During the D-cycle the address in CAR reads into the storage address register. It 
is modified by plus one, and stored in the D-address register. Storage-selection 
circuits set up to read out the character from storage into the B-register and B- 
channel. 

At the completion of the D-print cycle, the matrix advances to position 31 where 
a space cycle starts. At the end of the space cycle, the matrix advances to position 
32. Matrix position 32 gates the B-channel to the console output lines to permit the 
first character to print. During the print cycle, the console strobe pulse is sent to 
the CPU. The CPU allows the modified address in the D-address register to read 
into the storage address register, to be modified by plus one, and to be stored back 
in the DAR. 

Storage-selection circuitry allows the next character in storage to read out and 
to enter the B-register and B-channel. The word mark associated with the first 
character does not stop the operation when the matrix is in position 32. Because 
this is a reverse scan operation, the word mark that is associated with the high- 
order character in the field will stop the operation, if it is not disregarded. At the 
completion of the first-character print cycle, the matrix advances to position 33. 
Matrix position 33 gates the B-channel to the console output lines, and the second 
character prints. 
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Figure 7. 1-10A Display Operation 
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Figure 7. 1-10B Display Operation 
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Figure 7. 1-10C Display Operation 
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During the print cycle, the console strobe pulse again causes a D-cycle in the 
CPU. The address in DAR reads into the storage address register, is modified 
by plus one, and is stored back in the DAR. Storage- selection circuitry allows the 
third character in the field to enter the B-register and B-channel. The remaining 
characters in the field read out and print in a similar manner. 

Characters print in position 33 until a B-channel word mark is sensed. Each 
character sends a console strobe pulse to the CPU. This causes a D-cycle to 
occur as previously described. When the display stops after the B-channel word 
mark, one full field has printed plus the first character in the second field with its 
word mark. The second character of the second field is left on the B-channel. 

If the operator now wishes to display another field, pressing the start key allows 
the display to continue until another B-channel word mark is encountered. If it is 
not desirable to have the display stop after every word mark, the start key can be 
held down. If the end of a line is reached^n a display operation, the carriage re- 
turns to the left-hand margin, and the display continues on the next line. 

The display can be discontinued at any time either by pressing the stop key or 
by rotating the mode switch out of the display position. This action resets the 
display routine latch at the completion of the print-out of the character that it is 
currently handling. Resetting the display routine latch advances the matrix to po- 
sition 34 where a carriage return starts. Upon completion of the carriage return, 
the matrix advances to home position. 

Data errors are ignored on display. Other errors halt the display and must be 
cleared by resetting or pressing the start key in one of the run modes. No error 
print -out occurs. 

7. 1. 14 Alter Routine 

Description (Figure 7. 1-11) 

An alter routine permits the operator to change the data in any location of memory, 
if this data has been previously displayed. 

The display routine that must be executed before the alter routine is the same 
operation as described in the section 7. 1. 13 Console Display. The operator can 
alter one field or one full line depending on what has previously been displayed. 

When the display message is printing out during a display operation, the first 
B-channel word mark that is encountered (after the first character of the display) 
sets the word mark condition alter latch. If the display message extends long 
enough to cause the end-of-line latch to set (one full line), the word mark condi- 
tion alter latch resets and the full-line -condition alter latch sets. These latches 
set during the display and remain set until the alter operation ends or an operation 
other than the alter starts. 

The alter operation starts by rotating the mode switch to the alter position. 
Press the start key to gate the console control matrix into position 30, where 
special character A prints to identify the operation as an alter routine. At the 
completion of the A-print cycle the matrix advances to position 31. In position 31 
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Figure 7.7-1 1A Alter Routine 
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Figure 7. 1-1 IB Alter Routine 
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a space cycle occurs to advance the matrix to position 32. The keyboard unlocks 
when the matrix is in position 32 or 33 during an alter operation. With the keyboard 
unlocked, characters can enter in storage from the input-output printer. When the 
matrix is in position 32 or 33, the necessary lines are brought up to gate the char- 
acters that are keyed in on the printer to the A-channel, through the assembly, to 
storage. If the first character to be entered in storage has a word mark, the word 
mark must be keyed in from the printer. Key in word marks to enter them in on 
the printer. To remove them from storage, do not key them in. While keying in 
and printing the first character, a console strobe pulse is sent to the CPU. This 
pulse sets the necessary latches to start the CPU clock and to initiate two consecu- 
tive D-cycles. The address used in the first D-cycle is the address that is keyed 
into the C-address register at the beginning of the display routine. During the 
first D-cycle, the address reads from the C-address register into the storage ad- 
dress register. It is modified by plus one, and stored back in the D-address regis- 
ter. 

While in the storage address register, this address selects the first character 
in storage to alter and reads it out into the B-data register. This character is re- 
placed with the new character keyed in at the printer. If the character in the B- 
data register has a word mark, it is not detected at this time, when the control 
matrix is in position 32. During the second D-cycle the address in DAR reads into 
the storage address register, and the second character in storage reads out into 
the B-data register and B-channel. 

The address is modified by zero and stored back in DAR. At the end of the 
second D-cycle, the CPU clock stops and the matrix advances to position 33. The 
first character in storage is now altered, and the second character is in the B- 
data register and B-channel. 

In matrix position 33 the B-channel is searched for a word mark. If the word- 
mark- condition alter latch was ON during the display operation, the first B-channel 
word mark resets this latch and the alter routine line is lowered. One field is then 
altered. If the full-line-condition alter latch was ON during the display operation, 
the alter routine line is not lowered until this latch is reset by console printer end- 
of-line. 

In this case one full line is altered. Characters can enter during the alter oper- 
ation as long as a word mark or end-of-line is not sensed. This depends on which 
latch was set during the display routine. The console strobe pulse for each charac- 
ter that is keyed in from the printer, starts the CPU clock and causes the CPU to 
take two D-cycles. The first D-cycle replaces the character in storage with the 
character that is keyed in. The second D-cycle is used to read-out the next charac- 
ter in storage into the B-data register and B-channel, and to check it for a word 
mark. 

When a word mark or end-of-line is detected, the alter routine line drops and 
the keyboard locks. After the keyboard locks, the matrix advances to position 34 
where a carriage return starts. When the carriage return ends, the matrix returns 
to home position and the operation ends. 

The alter routine can be ended at any time by rotating the mode switch out of the 
alter mode. Any error, other than a data error, ends the alter routine and no 
print-out occurs. 325 



7. 1. 15 I/E Mode 

The console mode switch in the I/E position gates every last instruction RO cycle 
and last execute cycle to set the stop latch (12. 15. 04). Press the start key to 
start the next phase. A stop print-out is taken after every phase if the print-out 
control switch is in the normal position. 

7. 1. 16 CE Controls 

The CE controls on the 1415 console are designed as diagnostic aids for the custo- 
mer engineer. However, they are available for customer usage for debugging pro- 
grams and locating errors. To indicate that one of the controls is ON, an off- 
normal light on the console-indicator-panel lights when one of the CE controls is 
ON. The controls and settings that cause the off-normal light to come on are: 



Control 

Address entry 
Storage scan 
Cycle control 
Check control 
Print-out control 
Asterisk insert 



Setting 

(not) Normal position 
(not) Off position 
(not) Off position 
(not) Stop normal pos 

Inhibit 
Off 



ition 



This section covers storage scan, cycle control, check control, check test, 
start print-out, asterisk insert, and bit switches. Other switches on this panel 
are covered elsewhere as follows: 



Switch 



See Section Entitled 



Address entry 

Compatibility 

1401 I/O Check reset 

I/O Check stop 

Sense switches 

Print-out control inhibit 



7. 1. 1Z Console Address Set 

8. 0. 00 IBM 1401 Compatibility 
IBM 1401 I/O Error Conditions 
IBM 1401 I/O Error Conditions 
Branch If Indicator On 

7. 1. 09 Stop Print- Out 



Cycle Control Switch (Logic 44. 10. 01) 

The cycle control switch operates only in the Run , I/E Cycle, or CE positions of 
the mode switch. The setting of the cycle control switch defines how far the CPU 
clock circuit advances each time the start key is pressed. When set to the logic 
step position, pressing the start key advances the logic clock by single logic gate 
pulses. If the storage cycle position is selected, one complete cycle (I, A, B, C, 
D, E, F, or X) is taken each time the start key is pressed. If the cycle control 
switch is set OFF, the normal CPU circuits control the logic clock. 

At the end of each cycle (storage cycle), or at the end of each logic gate (logic 
step), the clock stops. When the clock stops, a stop print-out occurs, unless it is 
inhibited. The character C prints to identify the print-out. If the machine is in the 
Run or I/E cycle mode and an I/O operation is encountered, the clock runs until the 
end of the I/O operation. 
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Pressing the start key resets the stop latch. If the cycle control switch sets 
to logic step, the stop latch sets on the next 2nd-clock pulse (logic 12. 15. 04). The 
clock advances only one logic gate pulse. If the cycle control switch sets to storage 
cycle, the stop latch sets on the 2nd-clock pulse of logic gate Z, or at the end of 
the storage cycle (logic 12. 15. 04). The console stop print-out operation is started 
by the console stop print-out condition line on logic 12. 15. 04. 

Check Test Switches 

The three check test switches serve as a convenient way to test the checking cir- 
cuits in the CPU. Three switches, and therefore three tests, are necessary to 
test all the transistors in the checking circuits. 

For each of the three tests, a start program resets. Then press one of the 
check test switches, and while holding it down, press the start key. The stop latch 
resets, the clock starts, and the CPU takes an I-cycle. A master error should 
result, and the CPU should stop with all process system check lights ON. If any 
check light fails to come on during any of the three check test cycles, there is a 
failure in the associated checking circuitry. 

Errors are forced in the various check circuits in the following manner. 

1. B-register reset check: 

1st check test - flips 1st trigger-check trigger (logic 18. 14. 06) 
2nd check test - flips reset mem-data-reg trigger (logic 18. 14. 06) 
3rd check test - flips reset mem-data-reg trigger (logic 18. 14. 06) 

2. Op register set check: 

1st check test - flips check Op-reg trigger (logic 18. 14. 04) 
2nd check test - flips set op-reg trigger (logic 18. 14. 04) 
3rd check test - flips set op-reg trigger (logic 18. 14. 04) 

3. Op modifier set check: 

1st check test - flips check op-modifier trigger (logic 18. 14. 05) 
2nd check test - flips op-mod-reg trigger (logic 18. 14. 05) 
3rd check test - flips op-mod-reg trigger (logic 18. 14. 05) 

4. A-character select error: 

1st check test - blocks all gating to A-channel (logic 18. 14. 01) 

2nd check test - forces gate F2 data register to A-channel (logic 18. 14. 01) 

- forces gate E2 data register to A-channel (logic 18. 14. 01) 
3rd check test - forces gate op mod register to A-channel (logic 18. 14. 01) 

- forces gate A-data register to A-channel (logic 18. 14. 01) 

5. B-character select error 

1st and 2nd - forces channel select error check 1 & 2 (logic 3S. 10. 03) 
check test 

- blocks load and regen memory (logic 12.50.01) 
3rd check test - blocks load and regen memory (logic 12.50.01) 
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6. A-channel validity check 



1st check test - forces 1 ■ 8 even and 1 • 8 odd (logic 18. 11.01) 

2nd check test - forces numeric -odd and numeric-even (logic 18. 11.01) 

3rd check test - forces numeric C-bit and not numeric C-bit (logic 18. 11. 02) 

7. B-channel validity check 

1st check test - blocks VC group one and VC group two (logic 14. 47. 01 ) 
2nd check test - forces numeric-odd and numeric-even (logic 18. 12.03) 
3rd check test - forces zone • WM • C-bit -odd and zone • WM ■ C-bit -even 
(logic 18.12.03) 

8. Assembly channel validity check 

1st check test - forces 1 • 8 odd and 1 • 8 even (logic 18. 13. 01) 

2nd check test - forces numeric -odd and numeric-even (logic 18. 13. 01) 

3rd check test - forces zones-odd and zones-even (logic 18. 13.02) 

9. Address channel validity check 

1st check test - blocks VC group one and VC group two (logic 14. 47. 01) 
2nd check test - forces VC group one and VC group two (logic 14. 47. 01) 
3rd check test - sets address channel error latch (logic 18. 14. 03) 

10. Address exit validity check 

1st check test - blocks AR-channel group one and two (logic 14. 16. 03) 
2nd check test - forces AR-channel VC group one and two (logic 14. 16.03) 
3rd check test - gates on address exit error trigger (logic 18. 14. 02) 



11. A-register set check 

1st check test flips reset A-data-reg trigger (logic 18. 14. 07) 

2nd check test flips set A-data-reg trigger (logic 18. 14. 02) 
3rd check test flips set A-data-reg trigger (logic 18. 14. 02) 

Check Control Switch 

The check control switch is a three-position rotary switch. The operations that 
the check control switch selects are: stop normal , restart , and reset and restart . 

1. The stop-normal setting causes an immediate stop on any master error. Error 
print-out is under control of the print-out control switch. 

2. The restart setting stops the operation on any master error, and causes an 
error print-out the same as stop normal. However, after the print-out, the 
program automatically restarts (13. 42. 10). If the print-out control switch 
sets to inhibit, the program restarts immediately after a stop that is caused 
by an error. 

3. When set to Reset And Restart, any error also results in an immediate stop in 
the same manner as the restart setting. A computer reset operation (13. 42. 10) 
follows an error print-out operation. When the reset operation completes, the 
program restarts. If the error print-out is inhibited, Computer Reset and 
Program Start follow the stop. 
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Asterisk Insert Switch 

When the asterisk insert switch is ON, and an input device character of incorrect 
parity is detected on the A-channel, an asterisk enters into the addressed position 
of storage. The normal A-channel validity- check stop is disabled. 

When the switch is OFF, an incorrect parity character from an input device 
causes an A-channel validity error that stops the CPU (master error). 

Operation 

When the A-channel VC circuit indicates the A-channel character is invalid, and 
the asterisk insert switch is ON, the assembly is controlled to Set Asterisk 
(15. 49. 06). This generates an asterisk. The In Cy GM-WM Ctrl blocks the set 
asterisk control when the position in storage is a GM»WM. 

Storage Scan 

The storage scan function is primarily an aid to analyze the 1411 storage area for 
a read-in or regeneration failure, and to pinpoint the cause of failure. 

The method of testing the storage area may be accomplished in four different 
ways depending on the setting of the storage scan switch. The four settings of the 
switch are as follows: 

1. Regenerate +1. This setting causes the character at the location(that the IAR 
specifies)to be read out of storage and then regenerates it back into the location 
from which it was read. The address is modified by plus -one and placed back 
in IAR. In this manner, each position of storage is scanned, starting at the 
address keyed into IAR, until pressing the stop key or rotating the mode switch 
(away from the CE position) stop the operation. Because the highest address of 
storage is modified, the address modifier produces 00000, and the operation 
continues from there. 

2 - Regenerate 0. This mode reads the character out of storage and regenerates it 
back into storage. Both operations occur at the address that is keyed into the 
IAR. Because the IAR address is modified by zero, the read-out and regenera- 
tion continue repeatedly in the same storage location, until the operation is 
ended by pressing the stop key or by rotating the mode switch out of the CE 
position. 

3. Load +1. The I-cycles that are taken in this mode read out the character in 
storage (specified by the address in IAR) and read the bit structure (assembled 
in the sense bit switches) into the same location in storage. The address keyed 
into IAR is modified by plus -one and is read back into IAR. 

In this mode the same character writes into every storage location, starting 
with the address keyed into IAR. The IAR address advances until the highest 
position of storage is read into; then the IAR address starts over at address 
00000. The operation continues until stopped by the stop key or by the mode 
switch (by rotating out of the CE position). 
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4. Load 0. This mode is the same as Load + 1 mode, except that the address in 
the IAR is rot modified by plus-one each time, but remains the same. 

Operation (Figure 7. 1 - 1 Z) 

Start the storage-scan operation by rotating the mode switch to the CE position. 
With the mode switch in this position, the storage-scan switch is active. The 
system stops, and a stop print-out occurs when the mode switch is rotated, unless 
the system was previously stopped. Select the type of storage scan by setting the 
storage- scan switch to the Load + 1 position, Load position, Regenerate position, 
or the Regenerate +1 position. If a load mode is selected, set the sense bit switches 
to represent the bit structure to be loaded into storage. 

After all the switches are set, pressing the start key, (with the CPU stopped 
at a last-execute-cycle time and the console control matrix in home position), re- 
sets the instruction address register and gates the matrix into position 35. In 
position 35, the special character # prints to identify this as a storage- scan opera- 
tion. 

After this character prints, the matrix advances to position 36, where a space 
cycle starts. When the matrix advances to position 1A (X1A-Y1) following the 
space operation, the keyboard unlocks and the starting address is keyed into the 
IAR using matrix positions 1A, 2A, 3A, 4A, and 5A the same as in section 7. 1. 12 
C onsole Address Set. 

After the fifth digit, key the address into the IAR. The matrix then advances 
to position 6A and locks the keyboard. When the keyboard locks, through circuitry 
it starts the CPU clock. The CPU takes I-cycles and performs the operation es- 
tablished by the scan switch. 

While the matrix is in position 6A, the carriage returns and the matrix advances 
to home position. If an error occurs during the operation of any one of the four 
modes of storage scan, the operation stops and a stop print-out occurs. If there 
is no address modification in the mode, the address in IAR that prints out is the 
address of the location in storage where the error occurred. If there is an address 
modification of plus one in the mode, the address that prints out from IAR is one 
greater than the address of the storage location where the error occurred. After 
an error occurs and the stop print-out is completed, press the start key to allow 
the operation to continue. 

To end the storage- scan operation at any time, press the stop key or rotate 
the mode switch out of the CE position. If the print-out control switch is in the 
normal position, a stop print-out follows. 

Start Print-Out 

The start print-out push-button switch (44. 10. 01) allows the operator to initiate a 
stop-print-out routine. The switch is not interlocked so that the operation can be 
started at any time. The purpose of the switch is to allow the operator to display 
the contents of the various registers throughout the system, if for any reason the 
system hangs up in the middle of an operation. 

330 



( Ope 



rotor Controls 



( Storage Scan Operation J 



Set Cons Mode Switch 
to CE Mode 
40.10.01 



> 



Set Stor Scan Sw to Load 

or Regen, Plus One or 

Zero 

12. 12.33 & 14.71.41 



<ff CPU Running Even^X 
No.Pos.of Mode Switch \ 
Set Stop Key Lat. to Stop] 
CPU at Last Exec Cy 7 



Press Start Key 



fK 



Cons Home Position? 



Set Cons Cy Start Latch 
41.10.01 



No / 5tart Key Must be Pressed 
after Stop PO is Comple 






Reset Branch to AAR 
or 00001 if on 
12.60.14 

I 



Set No Branch Latch 
12.60.14 



Set Address Set Routine Lat 
41.10.02 



Set Stor Scan Routine Lat 
41.10.03 



Complete Addr Set Routine 
Fig 7.1-9 



Prints * Sign \ 

in Pos 35 J 



Set I Cycle Ctrl with 
Printer Strobe 
12.12.23 



Reset Stop Latch 
(Mx Pos XIA, Y5) 

12.15.04 



!L 



RO I AR to set STAR 
14.71.34 



-< 



Starts CPU Clock 



3 



Addr Mod Set to Plus 
One or Zero 
14.71.41 



^Stor Scan Sw Load or Regen 7) ' 



Load Memory 
12.50.01 



Stop at K 
12.12.33 



'Set El, Set E2,Gate 
E2 Data Reg to A Ch, 
Use A Ch WM, Zone, 

.and Num 



Gate Sense- Bit Sw to El 
13.42.10 



X 



Yes / 



Gare Char from ECh toAssm 
15.62.08 



Wrap Around? 



\ No 



vtod by Plus one 
Still on at LGF means 
Units Thru Th Pos were 
all 9's Causing Carry into/ 
TTh Pos . TTh Pos at 3 & , 
^Carry is Wrap Arnd 



Blk Address Check 
18.14.11 



I 



Set TTh Pos to 
14.30.04 

I 



Regen Memory 
12.50.02 



Stop at F 
12.12.30 



Take an I Cycle 
12.13.02 



< Operation Stopped by A 
Master Error or Stop Ke^/ 



Wrap Around Blks 4 
from going to Addr Ch 
and Inserts 



Figure 7.1-12 Storage Scan Operation 
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8.0.00 IBM 1401 COMPATIBILITY 



One major difference occurs when the IBM 1410 system operates in the 1401 mode. 
This is the use of the three-position addresses. The digit portion of the address 
locates storage positions 000 through 999. The zones over the units and hundreds 
positions are assigned binary values to increase the number of addresses to 15, 999. 
The A-zone over the hundreds position has a digit value of 1 or 1, 000. An address 
T33(Tis A, 2, 1 bits) locates storage position 01333. The digit value of the other 
zones are: 

B = 8 
A = 4 

Units 

The address to locate position 15, 999 is I 9 I (I is A, B, 8, 1 bits). 

Some 1401 operations require the addition of two addresses. To handle these 
operations on a 1410 system requires the addition of the zone adder and the auxiliary 
binary adder. 

8. 1. 00 ZONE AND AUXILIARY BINARY ADDERS 

The zone adder combines the binary one- and two-bits while the auxiliary binary adder 
combines the four- and eight-bits. For example: 



B = 2 




A = 1 




Hund 


Tens 



Aux 


Bin 


Addr Zone Adder 
8 4 2 1 


Add A - 




111 = 7 


B - 




110 = 6 
1 


Carry 




1 1 



1 1 1 = 13 

Notice that each position must be able to carry into the next position. On the 
data flow diagram (Figure 8. 1-1) the line from the zone adder to the auxiliary 
binary adder is the zone adder carry. In adding two addresses together, there can 
be a carry from the hundreds position digits that are added in the adder. For ex- 
ample: 

B 

A A 
A-field 0111821 = 07821 

A A 
B-field 10 13 8 = 5 3 8 

10 10 1 

1 111 

1 B 

A A 
1101201 = 13201 
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Zone Adder 



No Carry to Zone Adder 




Figure 8.1-2 Zone and Aux Binary Adders 
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Again on the data flow diagram (Figure 8. 1-1) the line from the adder to the 
zone adder is the adder carry. 

Operation (Figure 8. 1-2) 

When the zones are available to the zone adder, the A-zones combine together and 
the B-zones combine together. A carry from the A-zones feeds to the B-zones. 
A carry into the zone adder combines with the A- and B-zones to control the output 
of the zone adder. The output of the zone adder is the two zones, plus a zone check 
bit that maintains odd parity. Two B-zones or a carry into a B-zone causes a zone 
adder carry that feeds to the auxiliary binary adder. The auxiliary binary adder 
combines the units -positions zones and the zone-adder carry. The output of the 
zone adder feeds to the assembly unit, and the output of the auxiliary binary adder 
feeds to the compatibility translator BCD, to 2/5. 

8. 2. 00 INSTRUCTION READ-OUT (FIGURE 8. 2-1) 

Instruction read-out of a 1401 instruction uses the zone and auxiliary binary to con- 
vert the three-position addresses to the five-position addresses that are used by 
the 1410 to address storage by the 1410. 

The instruction word is reverse-scanned (+ 1) with the Op code as the first char- 
acter read out of storage. The Op code must contain a WM to be set into the Op 
register. As in the 1410 mode, a failure to have a WM prevents the next I-cycle 
and causes an instruction check. The character in the Op register is decoded to 
control the remainder of instruction read-out (Figure 8. 2-2). 

The I-ring advances to II during the second I-cycle that sets the Spl Adv Ctrl 
latch to advance the I-ring to 13. Every character read out during instruction read- 
out sets into the A-data register. 

Op codes M, L,, D, P and Y are 1401 data move Op codes. When one of these 
is decoded in the Op decode, it causes the Op modifier register to set with the d- 
modifier character that is used by the corresponding 1410 data move Op code. 

For example, a 1401 D-Op code moves the numerical portion of a single A-field 
character to the B-field. At I-ring-2-time (LGC of the 2nd I-cycle) this Op code 
sets the Op modifier register with a 1-bit only. All M or L-Op codes are assumed 
to be 1401 data move Op codes at 12, and they set the Op modifier register accord- 
ingly. At 13, if these Op codes are I/O Op codes, the percent latch sets and the 
Op modifier register resets with the normal Op modifier character (R/W). For all 
Op codes except 1401 data move Ops, the Op modifier register sets with every char- 
acter except the one at the last instruction RO cycle. 

The zones of the character that reads out at 13 time are stored in the auxiliary 
binary registers Al and A2. The digit is gated to the address channel where it is 
set into the A and C address registers or the A, B, C, and D address registers 
(address -double type). 

The I-ring advances to 14, and the next character reads out. Any zones over 
this character set into the hundred position index tag latches. The digits are stored 
in the address registers. 
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Figure 8.2-1A Instruction Read-Out (IBM 1401 Mode) 
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Figure 8.2-1B Instruction Read-Out (1401 Mode) 
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Figure 8.2-2 IBM 1410 Common Op-Code Grouping, IBM 1401 Compatibility 
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The ring is now advanced to 15 where the zones (over the units position of the 
address) are set into the binary register A4 and A8 latches. The zones from bi- 
nary registers Al and A2 are gated to the zone adder where they combine with no- 
zones on the B-side of the adder. At the same time, the zones from binary regis- 
ters A4 and A8 combine in the auxiliary binary adder. 

The output from the zone adder is gated through the assembly to the 1401 com- 
patibility translator where (along with the output of the auxiliary binary adder) it is 
translated into the thousands and ten-thousands positions of the address at LGJ and 
LGK respectively (Figure 8. 2-3). 

The I-ring advances to 16 where the Spl Adv Ctrl latch again sets to advance 
the ring to 18. The second address reads out from 18 to 110. 

Instruction read-out ends when the B-channel WM over the next Op code is 
sensed. The set-WM Op code and 1401 condition test Op code end the instruction 
read-out at 111 and 18 respectively without a word mark to the right of the instruc- 
tion 'word. 

8. 3. 00 INDEXING 

Indexing in the 1401 mode is the same as in the 1410. However, selection of index 
registers is limited in the 1401 mode because of the use of zone bits over the units 
and hundreds positions of the three-character 1401 address that represent the 
thousands and ten-thousands position of the 1410 address. Thus, only the A- and 
B-bits over the tens position of the 1401 address character can be used to select 
the index register. The A- and B-bits provide only four combinations. These 
four combinations select index registers as indicated: 



Index Tag 


Regist 


er 


Address 


None 







— 


A 


13 




00087-89 


B 


14 




00092-94 


A and B 


15 




00097-99 



The following example represents typical 1401 instruction- word format with 
index bits: 

A A A A 

B B B & fi 

Op (1 11) (3 3 3) d 

This becomes: 

(03111) (1 1 3 3 3) d 

Indexed by Indexed by 
contents of contents of 
00097-99 00087-89 
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Figure 8.2-3 Zone Adder Timing, Instruction Read-Out 
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Figure 8.3-1 Zone Adder Timing, Indexing 
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Instruction read-out begins in the usual manner with the read-out of the Op code 
from memory. The operation continues as previously explained until I-ring-4 time 
when the read-out of the tens position detects the index tags. The ten-position 
index-tag latches set at I-ring-4, LG-A time. This in turn sets the X-cycle con- 
trol, and starts the A-ring at I-ring-5, LG-F time. 

When the 1410 operates in the 1401 mode, both A- and B-index tags are forced 
in the hundreds position. This, in combination with the tens -position index tags, 
selects index registers 13, 14 or 15. 

At the end of I-ring-5 time, the A- address has read from memory and con- 
verted into a five-numerical digit address in the AAR and CAR. Instruction read- 
out now temporarily halts to permit indexing of the A-address. The I-ring-5 line 
remains up until the end of the indexing operation. 16 then turns ON to continue 
the instruction read-out. 

The index tags determine which index register the address generator selects. 
The address generator sets the STAR. Each position of the index field reads out 
in sequence to the B-channel starting with the units. This operates the same as 
1410 indexing. 

The following sequence of events takes place: (Figure 8. 3-1) 

1. Read out units position of index register. At A-ring- 1, LG-A time the address 
generator sets the STAR to read out the units position of the index register. 
The zone-bit index tags in the tens position of the A-address determine the 
address to be generated. The read-out of memory is placed on the B-channel 
for entry into the adder. Typical contents of an index register in 1401 mode 
are: 

A A 

B 

4 2 2 

The zone bits over the units and hundreds position provide the two high-order 
positions of the index register contents. 

2. Set binary register B4 and B8. The zone bits over the units position also read 
out to the B-channel and set in the B4 and B8 binary register at A-ring-2, LG-E 
time. These zone bits are added later in the auxiliary binary adder to the zone 
bits over the units position of the address of the instruction that is being in- 
dexed. These zone bits (A4, A8) are still in the A-binary register because the 
register is not reset until I-ring-6 time of instruction read-out. 

3. Reset AAR. The AAR is reset at A-ring-2, LG-F time because the indexed 
instruction reads into the AAR. The CAR is not reset, but retains the numeri- 
cal values of the unindexed instruction. 

4. Read-out units position instruction character to A-channel. The units charac- 
ter of the CAR (contains the A-address) reads out, translates from 2/5 to BCD, 
and sets in the A-data register at LG-D time of the first X-cycle. 
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5. Add units position of the index word to the units position of the instruction word. 
The adder is now used to add the numerical portion of the units character of 
the instruction address from the. A-data register to the numerical portion of 
the units character of the index word (from memory but now on the B-channel). 
The sum is placed in the AAR units position at A-ring-2, LG-H time. 

6. Add tens-position characters. At I-ring-3 time the tens-position character 
from the CAR adds to the tens -position character from the index register. The 
result sets in the AAR at A-ring-3, LG-H time. 

7. A-ring cycling. Only three A-ring times, in addition to Al, are required to 
index the three-character 1401 program address. The index register and in- 
struction zone bits must add in the zone adder and auxiliary binary adder so 
that the thousands and ten-thousands characters can set in the AAR. To provide 
time for this, the A-ring-4 is extended to include LG-J and K. 

8. Add hundreds -position numerical characters. At A-ring-4 time, the hundreds - 
position character reads from the index register to the B-channel. Also during 
A-ring-4 time, the h\ ndreds -position character from the CAR reads into the 
A-data register, and then to the A-channel. The result of the hundreds -position 
addition passes throuf >i the assembly area through the BCD to 2/5 translator, 
and sets in the AAR at A-ring-4, LG-A time. 

H 

9. Enter zone bits in the zone and auxiliary binary adders. The zone bits from 
the instruction address are still in the Al, A2, A4, and A8 binary-register 
latches where they were set during instruction read-out. The zone bits from 
the index-register units -position character were previously set in the B4 and 
B8 binary-register latches. The zone bits from the index-register hundreds 
position (Bl and B2), via the B-channel, are set directly into the zone adder. 

10. Add zone bits. The instruction- word zone -bits Al and A2 add to the index- 
word zone-bits Bl and B2 in the zone adder. Any carry from the hundreds- 
position CPU adder -ope ration also enters in the zone adder. The result of the 
addition transfers to assembly. 

Any carry from the zone adder addition adds in the auxiliary binary adder 
to the instruction-word zone-bits A4 and A8, and to the index-register zone- 
bits, B4 and B8. 

11. Translate zone-addition output to 2/5 code and set AAR. The result of the 
zone -adder operation is brought via the assembly area to the compatibility 
translator. The result of the auxiliary binary-adder operation is also brought 
to the compatibility translator. The binary results of the zone-bit addition are 
translated to the 2/5 code. The result represents the value of the indexed 
thousands and ten-thousands characters of the instruction word. The thousands 
position sets in the AAR at A-ring-4, LG-J time. The ten-thousands position 
sets in the AAR at K time. As previously noted, the hundreds position sets at 
LG-^I time. 

H 

12. Transfer the indexed AAR to the CAR. Indexing is now complete. A C-cycle 
is taken to read out the indexed A-address of the instruction from the AAR. 
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This is modified by zero and set in the CAR. I- cycle control is turned ON 
and the B-portion of the instruction begins with I-ring-6 time. 

8. 4. 00 DATA HANDLING 

The 1401 D, P, Y, M (%) and L (%) Op codes perform very nearly the same function 
as the 1410 D-Op code. There is this significant variation: the 1410 uses different 
Op modifiers to perform different types of move operations; the 1401 instruction 
requires a different Op code to obtain variations of the basic move operation. 

By comparing the 1410 D-Op code and modifications with the 1401 D, P, Y, M 
and L, operations, it can be seen that in order to duplicate the operation in 1401 
mode, it is necessary to generate an appropriate Op modifier. This occurs on the 
last instruction read-out cycle. 

The Op modifier is generated for the various move and load operations in 
accordance with the following table. 

1401 Instruction d-Character to be Generated Bits 

Move numerical 

Move zones 

Move character to record, or 

group-mark with a word-mark _ _ 

Move characters to A or B WM M (A) (B) C 1,2, 4, 8, A, B, C 

Load characters to A-field WM L (A) (B), L (A) X 1, 2, 4, 8, A, B, C 

The A- and B-bits, along with the 8-bit, determine when the data transfer 
should end. 



D (A) (B) 


1 


1, 


2, 


4, 


8, 


A, 


B, 


C 


Y (A) (B) 


2 


1, 


2. 


4, 


8, 


A, 


B, 


C 


P (A) (B) 


. 


1, 


2, 


4, 


8, 


A, 


B, 


c 



Op Modifier 


Bits 


Stop At 


8, A, B 




1st WM— A-field 


8, A, B 




1st WM— A or B-field 


8, A, B 




1st RM or GM, WM, A-field 


8, A, B 




After one position 



The 8-bit determines the direction of the scan: 

1. 8-bit. Transfer high-to-low order. 

2. Not 8-bit. Transfer low-to-high order. 

The 1-, 2-, and 4-bits of the Op modifier determine which portion of the A- 
field characters transfers: 



Op Modifier Bits 


Use 


1 


A-field - Num 


Not 1 


B-field - Num 


2 


A-field - Zones 


Not 2 


B-field - Zones 


4 


A-field WM 


Not 4 


B-field WM 
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8. 4. 01 Move Numerical (D) 
Op- Code Function 

The 1401 D-Op code moves the numerical portion (8-4-2-1) of the single character 
in the A-address to the B-address. The zone portions (AB) and word marks are 
not' disturbed at either address. 

Op-Modifier Function 

The 1401 D-Op does not have a modifier. The proper 1410 modifier must be set 
in the Op modifier register to get the desired transfer. The following 1410 func- 
tions must be performed: 

1. Transfer A-field Numerical (Op modifier bit 1). 

2. Transfer B-field WM (Op modifier bit"?). 

3. End data transfer after one position (Op modifier bit ~8 A B). 
Operation (Figure 8. 4-1) 

The Op modifier register sets tol2l8ABCto cause the 1410 to function as in- 
dicated in the preceding section. Cycling of the 1410 occurs as with a normal 1410 
D-Op. The same Op-code grouping lines come up. During the A-cycle, the A-field 
character reads out of storage and sets into the A-data register. During the fol- 
lowing B-cycle, the B-field character reads out to the B-channel. The 1-bit Op- 
modifier character brings up assembly controls to gate the A-field numerical from 
the A-channel, and to gate the B-field zone and WM from the B-channel to the core- 
storage B-field address. The ~8 AB Op-modifier character ends the operation 
after one A-cycle and one B-cycle. 

8. 4. 02 Move Zone 

Op- Code Function 

The 1401 Y-Op code moves the zone positions (AB) from the A-address to the B- 
address. The numerical portion of each character is not disturbed at either ad- 
dress. 

Op-Modifier Function 

The Y-operation code does not exist in the 1410. Therefore, a D-move Op with 
the proper modifier accomplishes the 1401 Op Y-function in the 1410. The follow- 
ing 1410 functions must be performed. The indicated Op modifier bits must be set. 

1410 Functions Op Modifier Bits 

Transfer A-field zones Set Bit 2 

Transfer B-field WM Set Bit Not 4 

End data transfer after one position Set Bits 8 4 B 
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D OP CODE 

MOVE NUMERIC 

13.13.09 



Y OP CODE 

MOVE ZONE 

13.13.09 



1401 DATA MOVE 

SET OP MODIFIER 

15.38.04 



1401 DATA MOVE 

SET OP MODIFIER 

15.38.04 



SET OP MOD R_EGTO 

1 2 4 8 A B C 

13.12.01 



SETOP MOD RJGTO 

1 2 4 8 A B C 

13.12.03 



TAKE AN A-CYCLE 



RO A AR 
14.71.30 



A -FIELD CHARACTER 
TO B CHANNEL 



SWITCH B CHANNEL 

TO A -DATA REGISTER 

15.38.01 



TAKE A B-CYCLE 
12.12.44 



RO B AR 
14.71.31 



B- FIELD CHARACTER 
TO B CHANNEL 



OP D OR Y 



SET ASSEMBLY CTRLS 



SET ASSEMBLY CTRLS 



USE A CHANNEL NUM 
15.49.03 



USE A CHANNEL ZONES 
15.49.03 



USE B CHANNEL WM 
15.49.04 



USE B CHANNEL WM 
15.49.04 



USE B CHANNEL ZONES 
15.49.05 



USE B CHANNEL NUM 
15.49.05 



STORE CHARACTER 
IN B- FIELD 



DATA MOVE 

LAST EXECUTE 

12.12.50 



Figure 8.4-1 IBM 1401 Mode, Move Numeric and Move Zone 
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Operation (Figure 8.4-1) 

The Op modifier register sets to T 2 4 8 A B C to cause the 1410 to function as in- 
dicated in the preceding paragraph. The operation continues the same as the move 
numerical 1401 Op code (see the section entitled 9. 2. 01 Switches, Keys, and Lights ). 
The only difference is the setting of the Op modifier register and the assembly unit 
controls. 

Circuits 



Set Op modifier register to 1 2 4 8 A B C. This operates the same as the move 
numerical Op code (see the section entitled 8. 4. 01 Move Numerical (D) . The only 
difference is that the 2 Op-modifier register bit is set instead of the 1-bit. 

8. 4. 03 Move Characters to Record or Group Mark \H6RO ff/lRfc. 

Op- Code Function 

The 1401 P-Op code moves an entire record from one core-storage area to another. 
The A- and B-addresses specify the high-order position of each area of storage. 
Transmission starts at the high-order address of the A-field and continues until a 
record mark (A82 bits) or a group-mark with a word-mark (BA 8421 WM) is sensed 
in the A-field. The record mark or group-mark with a word-mark transfers to 
the B-field. Word marks in the B-field remain unchanged. A-field word marks 
do not transmit except for the group-mark with a word-mark combination. 

The P-Op code does not exist with the 1410. Therefore, a D-raove Op with the 
proper modifier accomplishes the 1401 Op P-function with the 1410. 

Op-Modifier Function 

The 1401 P-Op does not have an Op modifier. Therefore, the proper 1410 D-Op 
code modifier must be set in the Op modifier register to get the desired transfer 
of data. The following 1410 functions must be performed: 



1410 Functions 


Op- 


-Modifier Bits 


Transfer A-field Numerical 




Bit 1 


Transfer A-field zones 




Bit 2 


Transfer B-field WM 




Bit not 4 


Transfer high to low -order 




Bit 8 


Stop operation with 1st 




8 AB 


RM or GM • WM A-field 







Operation (Figure 8. 4-2) 

The Op modifier register sets to 1 2 4 8 A B C to cause the 1410 to function as in- 
dicated in the preceding paragraph. After this is done, alternate A- and B-cycles 
perform the operation. See the section entitled 2. 8. 01 Move Data Op Code (D). 
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/'"p op code,move\ 

I CHAR TO RECORD \ 
I OR GROUP MARK* WmJ 
\^ 13.13.09 ^/ 



HOI DATA MOVE OP 
13.13.09 



1401 DATA MOVE 

SET OP MODIFIER 

15.38.04 



SET OP MOD REG TO 

I 2 4 8 A B C 

13.12.01 



SETUP A -CYCLE 



SET 2ND SCAN CTRL 
12.30.06 



MOD A AR BY PLUS 1 
14.71.41 



SWITCH B CHANNEL 

TO A -DAT A REGISTER 

15.38.01 



SETUP B- CYCLE 
12.12.44 



RO B AR 
14.71.31 



REGEN 2ND SCAN CTRL 
12.30.06 



MOD B AR BY PLUS 1 
14.71.41 



YES A CH GROUP MARK-WM\ NO 
OR A CH REC MARK ?. 



USE A CH NUM 

USE A CH ZONES 

15.49.03 



A- FIELD CHARACTER 
TO B CHANN 



cter\ 



M \ NO 



USE A CH NUM 

USE A CH ZONES 

15.49.03 



INSERT WM 
15.50.08 



USE BCH WM 
15.49.04 



DATA MOVE 

LAST EXEC CYCLE 

12.12.50 



Figure 8.4-2 IBM 1401 Mode, Move Character to RM or GM WM 
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The 1- and 2-bit lines from the Op modifier reg bring up the assembly controls 
that gate to storage in the B-field location the desired portions of the A- and B- 
channel characters with the proper parity. The next character of the A-field reads 
out on the following A-cycle, and the operation continues by alternate A- and B- 
cycles, until a WM reads out and combines with the 8 A B bits from the Op modifier 
register to end the operation. 

8. 4. 04 Move Characters to A or B Word Mark M (A) (B), M (A) 
Op- Code Function 

The M-Op code moves data in storage from the A-field address to the B-field ad- 
dress. The first word mark encountered in either field stops the operation. In 
the case of a single address instruction, the B-address is taken from the BAR and 
does not have to be written or interpreted as part of the instruction. The first 
WM encountered stops the operation as in the 2 Addr Insn. 

Op-Modifier Function 

The 1401 M-Op does not have a modifier. The appropriate 1410 modifier must be 
set in the Op modifier register to get the desired transfer. The following 1410 
functions must be performed: 

1410 Functions 



Transfer A-field numerical 
Transfer A-field zones 
Transfer B-field WM 
Set first scan 

End operation at first WM 
A or B-field 



Op-Modifier Bits 


Bit 1 


Bit 2 


Bit 4 


Bit 8 


Bit 8 A B 



Operation 



During the last instruction RO cycle the Op modifier register sets to 1, 2, 4, 8, A, 
B, C to cause the proper 1410 functions as indicated in the Op- Modifier Functio n 
paragraph. Also, the controls set up for an A-cycle. The first character of the 
A-field reads out during the A-cycle, and sets into the A-data register. The next 
cycle is a B-cycle during which the first character of the B-field reads out and is 
placed on the B-channel. 

8. 4. 05 Load Characters to A-Word Mark L (A) (B), L, (A ) 
Op- Code Function 

The L-Op code moves the data and the word mark in storage from the A-field ad- 
dress to the B-field address. The A-field word mark stops the operation. B- 
field word marks clear unless the B-field is larger than the A-field. 

Op-Modifier Function 

The 1401 L-Op does not have a modifier. The appropriate 1410 modifier must be 
set in the Op modifier register to effect the desired transfer. The following 1410 
functions must be performed: 
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1410 Functions Op-Modifier Bits 

Transfer A-field numerical Bit 1 

Transfer A-field zones Bit 2 

Transfer A-field word mark Bit 4 

Set the first scan-and-end-operation at first A-field WM: Op mod ~5 A B-bit. 

Operation 

During the last instruction RO cycle the Op modifier register sets to 1 2 4 8 A B C 
to cause the proper 1410 functions as indicated in the preceding Op Modifie r Function 
paragraph. Also, the controls set for an A-cycle, and the first character of the 
A-field reads out and sets in the A-data register. The next cycle is a B-cycle 
during which the first character of the B-field reads out, and is placed on the B 
channel. The 1-, 2-, and 4-bit lines from the Op modifier register bring up the 
assembly controls that gate to storage in the S-field location, the numerical, zone 
and WM of the A-channel characters that have the proper parity. B-field WM, if 
any, clears from storage. 

The next character of the A-field reads out on the following A-cycle, and the 
operation continues by alternate A- and B-cycles until an A-channel WM combines 
with the "5 A B-bits from the Op modifier register to end the operation. 

8. 4. 06 Move Characters and Suppress Zeros Z (A) (B) 

- - ^ 

The function, operation and circuits of the execute phase of 4 (A) (B) in 1401 mode 
are the same as the standard 1410 operation. Note: on 13. 13. 03, Z-Op decode is 
common to both operations. See section 2. 8. 02 Move Character and Suppress 
Zero Op Code (Z). 

8. 4. 07 Compare C (A) (B) 

The function, operation, and circuits of the execute phase of C (A) (B) in 1401 mode 
are the same as the standard 1410 operation except for set of High- Low- Equal that 
does not occur in the 1401 mode for single-character C-Ops. C-Op decode 
(13. 13. 03) is common to both operations. Section 2. 8. 03 contains the description 
of this operation. 

8. 4. 08 Move Characters and Edit E (A) (B) 

The Edit Operation in 1401 mode is accomplished exactly as in 1410 program execu- 
tion. E Op decode (13. 13. 02) is common. See Section 2. 8. 04 Edit (E). 

8. 5. 00 ARITHMETIC 
8.5.01 Add and Subtract 

These Op codes operate the same as in 1410 mode except for the sign, zones and 
overflow controls. 
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Sign 

If the signs of the fields and type of Op code require a true-add, the zones from 
the units position of the B-field are used as the sign of the result. 

If a complement- add is required, the sign of the B-field is used as the sign of 
the result but it is inserted in the standard form (^-bit only, minus; AB bits, 
plus). If a recomplement cycle is required, the sign of the B-field is inverted to 
a standard sign. 

Zones 

All zones in the B-field are removed, except the units position sign or high-order 
position on true-add. 

Overflow 

An adder carry during the B-cycle, in which a B-channel word mark is sensed, 
indicates an overflow condition. This sets the arithmetic overflow latch, which is 
testable, by a branch instruction. 

The adder carry is also gated to the zone adder, where it is combined with 
any A- or B-channel zones. The zone adder output is gated through the assembly 
and is stored in the high- order position of the B-field. For example: 

A-field 8 2 

■V 

B-field 2 9 1 



A 



Arith Overflow -« — 9 3 

8. 5. 02 Zero and Add, Zero and Subtract 

The adder is not used for these Op codes. The numerical portion of the A-channel 
is gated through assembly. The sign of the A-field is used on zero and add, and 
is inverted on zero and subtract. No other zones are used. Zeros are inserted 
on the assembly channel for all extra, high-order positions of the B-field. 

8. 5. 03 Multiply and Divide 

These Op codes operate the same as in 1410 mode. The arithmetic overflow latch 
sets instead of the divide overflow latch. 

8. 6. 00 LOGIC OPERATIONS 

8. 6. 01 Branch (B) B ( I ) b 

Op- Code Function 

The B-Op code with an I-address and a blank d-modifier is an unconditional branch. 
This means that the normal program sequence is interrupted and continued at any 
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desired point, as specified by the I-address, without testing for specific conditions. 
Operation (Figure 8. 6-1) 

When a branch is required, the CPU takes a B-cycle. During the B-cycle, the 
IAR reads out to the STAR through the modifier to the BAR. A modify-by-zero 
condition exists in the modifier because the no- scan latch is set. 

The 1401 branch latch sets to cause the AAR to read out to STAR for the I-Op 
cycle of the instruction read-out. 

This is the start of normal instruction read-out for the first branch routine 
instruction. 

8. 6. 02 Branch, if Indicator On B ( I ) d 

Op- Code Function 

The d-character modifier specifies the condition to be tested. If the indicator 
tested is OFF, the next instruction in sequence is taken. If the indicator tested 
is ON, the program branches to the I-address. 

Figure 8. 6-2 illustrates the d-modifiers and the indicators they test. 
Operation (Figure 8. 6-1) 

At I-ring-8 time, during instruction read-out, the Op-modifier register sets with 
the Op-modifier character and is decoded. 

The Op-modifier decode compares with the indicators and at I-ring-9 time 
(last instruction RO cycle either the branch or no-branch condition is brought up. 
No-Branch causes the last execute cycle that initiates the instruction read-out of 
the NSI. The 1401 branch latch causes the extra B-cycle, as covered in the section 
entitled 8. 6. 01 Branch (B). 

8. 6. 03 Branch, if Character is Equal B ( I ) (B) d 
Op- Code Function 

This instruction code causes the single character at the B-address to compare to 
the d-character. If the bit configuration is the same, the program branches to the 
I-address. If not the same, the program continues in sequence. The d-character 
can be any combination of the six BCD code bits (AB 8421). 

Operation (Figure 8. 6-3) 

At I-ring-11 time, during instruction read-out, the Op-modifier register sets with 
the Op-modifier character. At I-ring-12 time, the 1st scan-control latch sets and 
a B-cycle starts. The character at the B-field address reads to the B-channel. 
The Op-modifier register is gated to the A-channel and a comparison is made be- 
tween A- and B-channels in the compare unit. If the equal latch sets, the program 
branches to the I-address in the AAR. In all other cases the program continues to 
the NSI. 
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Figure 8.6-1 Branch Unconditional, and Branch If Indicator On 
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Figure 8.6-2 Character At d For Branch If Indicator On 
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vEQUAL OR UNEQUAL?/ 



DOES ANY BIT IN 

'THE B-ADDRESS CHAR N 

MATCH ANY BIT IN THE) 

d-CHAR? 

12.60.03 



NO 



NO BRANCH 



BRANCH 



NO BRANCH 



Figure 8.6-3 Branch If Character Is Equal, Branch If Bit Equal 
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V OPCODE 
V (0 (B) d 







SET 1ST SCAN LATCH 
12,30.01 






SET UNITS LATCH 
16.30.02 






TAKE A B CY 
12.12.44 



USE B AR TO 

RO B CHAR 

14.71.31 



GATE OP MOD TOACH 
15.38.02 



NO / IS THERE A B CH WM \ Y ES 

( OR ZONE EQUAL? h 11 — 

\ 12.60.03 / 



YES / IS OP MOD \ NO 

~\ CHAR 3, C^ L, OR T? / ' 



1 / ISOPMOD \ 2/B ,K,S 
(CHAR 1 OR 2 NUMERIC V-^— 



(2, B, K, S) 



YES / IS THERE A B CH WM? \ NO NO 

\ 12.60.03 / 



/ IS OP MOD ZONE \ 
(EQUAL TO BCH ZONE?) 
\ 12.60.03 / 



YES 



NO BRANCH 



BRANCH 



NO BRANCH 



BRANCH 



Figure 8.6-4 Branch If WM and or Zone 
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8. 6. 04 Branch, if Bit Equal W ( I ) (B) d 

Op- Code Function 

This instruction compares the character at the B-address, bit by bit, with the d- 
character. If any bit in the character at the B-address matches any bit in the con- 
figuration of the d-character, the program branches to the I-address. The d- 
character can contain any character or any combination of bits that can exist in a 
single position of core storage. WM and C-bits are not compared. 

Operation (Figure 8. 6-3) 

At I-ring-11 time, during instruction read-out, the Op-modifier register sets with 
the Op-modifier character. At I-ring-lZ time, the 1st scan-control latch sets and 
a B-cycle starts. The character at the B-field address reads to the B-channel. 
The Op mod register is gated to the A- channel and the bits compare. Any bit on 
both channels starts a branch. 

8. 6. 05 Branch, if WM and/or Zone V ( I ) (B) d 

Op- Code Function 

This Op code tests the character that is located in the B-address for the condition 
specified by the d-character, and branches to the I-address, if the condition is met. 
The d-modifiers and the conditions they specify are as follows: 

Contrbl Logic 

Word mark 13. 12. 17 

No zone (No A, No B-bit) 13. 12. 17 

12-zone (A'Bbits) 13.12.11 

11-zone (B, A-bit) 13. 12. 16 

Zero-zone (A, no B-bit) 13. 12. 10 

Either a WM or no-zone 13. 12. 17 

Either a WM or 12-zone 13. 12. 15 

Either a WM or 11-zone 13. 12. 16 

Either a WM or zero-zone 13. 12. 10 



Operation (Figure 8. 6-4) 

This operation duplicates the B-Op code until the character designated by the BAR 
reads to the B-channel. At this point, the bits on the B-channel are tested for the 
configuration specified by the d-modifier. The d-modifier was gated to the A- 
channel. 

If the conditions imposed by the d-modifier (see the table in the preceding para- 
graph) are met, a branch starts. Otherwise, the program proceeds with the NSI. 

The test of the B-address character is made by switching the result of zone bit 
compare (= or 5*) with the Op modifier 1- and/or 2-bits. The choice of d-characters 
makes it possible to test for several combinations of WM and zone bits. 
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d -Character 


Bits 


1 


1 


2 


2 


B 


BA 2 


K 


B 2 


S 


A 2 


3 


B 21 


C 


BA 21 


L 


B 21 


T 


A 21 



8.7.00 MISCELLANEOUS 

8. 7. 01 Store A-Address Register 

Op-Code Function 

The 1401 Q-Op code stores the contents of the A-address register from the previous 
operation in the three -position field that has its units position defined by the A- 
address of the store- A-address-register instruction. Word marks in the A-field 
are retained. The instruction format is: Q (AAA). 

Operation (Figure 8.7-1) 

The A-address of the Q-Op code reads into the AAR on the instruction read-out 
cycle. However, the AAR contains the addres,s that must be stored. Therefore, 
the A-address left from the previous operation must move to the BAR before the 
new A-address reads in. This is done during a B-cycle that occurs just after the 
Q-Op is detected at I-Op time. After the B-cycle, the I-ring then advances, and 
the (AAA) address reads into the AAR. 

The BAR contains a five-digit numerical 1410 address. In 1401 mode, a three- 
digit address with appropriate zones over the units and hundreds position must be 
stored. The units, tens and hundreds position of the BAR are stored on A-cycles 
during following steps of the A-ring. The zones over the units and hundreds that 
represent thousands- and ten-thousands-position values must be stored at the same 
time as the numerical portion of the character. To do this, the thousands- and 
ten-thousands positions of the BAR read out to the binary register during two C- 
cycles before the storage operation (Figure 8.7-2). 

During the storage operation, at A-ring-2 time, the units position of the BAR 
reads out via the address exit channel to the A-data register, to the A-channel, 
and to assembly. At the same time, the A4 and A8 binary registers are gated out 
to the zone adder. The zone adder output is gated to the assembly area to combine 
with the numerical bits from the A-channel. The resulting character reads into 
storage in the location addressed by the AAR. 

At A-ring- 3 time, the tens position numerical bit reads out of the BAR, via 
the A-channel, to storage. No zones are involved. At A-ring-4 time, the hundreds- 
position numerical bit reads out of the BAR to assembly the same as the units posi- 
tion. The binary-register Al and A2 outputs are gated through the zone adder to 
assembly to form the zone portion of the character to be stored. 

8. 7. 02 Store B-Address Register 

Op- Code Function 

The 1401 H-Op code stores the contents of the B-address register from the previous 
operation in the three-position field that has its units position defined by the A- 
address of the store B-address register instruction. Word marks in the A-field 
are retained. The instruction format is: H (AAA). 
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Q OR H OP, STORE A 

OR B ADDR REG 

13.13.10 

I 



SET OP CODE INTO OP 
REG & DECODE (I OP) 



Q OR H OP 



BLOCK 1-CYCLE 

CTRL SIGNAL 

12.12.02 



STOP I RING 
AT I OP 



INITIATE B-CYCLE 
12.12.44 



RESET B AR 
14.71.21 



RO A AR TO SET STAR 



SET MODIFY BY ZERO 
14.71.41 



SET ADDRESS INTO BAR 
14.71.11 



BAR NOW CONTAINS 
ADDRESS TO BE STORED 



TAKE AN I CYCLE 



COMPLETE NORMAL 

1401 MODE 
NSTRUCTION CYCLE 



LAST INSN RO CYCLE 



RO CAR 4 SET STAR 



TAKE A C-CYCLE 



CONTROL C-CYCLE 

LENGTH, STOP AT F 

12.12.30 



READ-OUT B AR 
14.71.31 



CND ADDR SCNR 6 POS 
14.70.06 



SCAN T TH POS 

B ARTOAREXITCH 

14.17.13 



BINARY REGISTER Al 

A2, A4, A8 LATCHES SET 

FROM EXIT CH BITS 



T TH POS B AR 1 BIT 



SET 2ND C-CYCLE 
12.12.42 



CONTROL C-CYCLE 
LENGTH,STOP AT F 



READ-OUT B AR 
14.71.31 



SET BODY CTRL 

AND BODY LATCH 

16.30.01 



CNDADDRSCNR5POS 
14.70.05 



SCAN TH POS B AR 

TO AR EXIT CHANNEL 

14.17.10 



SET BIN REG A FROM TH 
14.18.17 



SETA-CYCLE CTRL 
12.12.41 



START A RING 
14.70.10 



SET BINARY REGISTER 

A2 AND A8 

14.18.01 



STORE AR SET 
C-CYCLE CTRL B IS 
CONTROL SIGNAL 



SIGNALS RO 
TH POS B AR 



STORE AR SET 
A-CYCLE CTRL A IS 
CONTROL SIGNAL 



SET UNITS CTRL AND 

UNITS LATCH 

16.30.01 



SIGNALS RO 
T TH POS B AR 



Figure 8.7-1A IBM 1401 Mode Store A or BAR 
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Cr- 

O 



ADDRESSES UNITS 

POS OF A-FIELD 

FOR STORE OPERATION/ 



READ-OUT 

A AR TO STAR 

14.71.30 



MODIFY 
A AR BY MINUS 1 
12.30.05 



^CAUSES UNITS POS OF 

A-FIELD TO READ OUT 

VTO« CHFOR VALCHK 



ALTER A AR SO T POS 
WILL BE STORED NEXT 



ADDRESSES TENS 

POS OF A-FIELD 

FOR STORE OPERATION/ 



READ-OUT 
A AR TO STAR 
14.71.30 



MODIFY 

A AR BY MINUS 1 

12.30.05 



•CAUSES TENS POS OF 

A-FIELD TO READ-OUT 

V TO B CH FOR VAL CHK 



ALTER A AR 

SO HUND POS WILL 

BE STORED NEXT 



ADDRESSES HUND 

POS OF A-FIELD 

FOR STORE OPERATION 




CAUSES HUND POS OF 
A-FIELD TO READ-OUT 
TO 6 CH FOR VAL CHK 



MODIFY 

A AR BY MINUS 1 

12.30.05 



READ OUT BAR 
14.71.31 



READ-OUT B AR 
14.71.31 



READ-OUT B AR 

14.71.31 



> 

O 



ADVANCE TO 

A RING 2 TIME 

14.70.02 



ADVANCE TO 

A RINGS TIME 
14.70.03 



ADVANCE TO 

A RING 4 TIME 

14.70.04 



SET ADDR SCNR 2 POS 
14.70.02 



SET ADDR SCNR 3 POS 
14.70.03 



SET ADDR SCAR 4 POS 
14.70.04 



GATE B AR BITS 
TO AR EXIT CH 

14.17.01 



UNITS POSITION B 
, AR BITS TO AR EXIT CH 



GATE B AR BITS 

TO AR EXIT CH 

14.17.01 



TENS POSITION B AR 
BITS TO AR EXIT CH 



GATE B AR BITS 

TOAREXITCH 

14.17.01 



HUND POSITION B 
. AR BITS TOAREXITCH 



SW AR EXIT CH 

TO A-DATA REG 
15.38.01 



SWAR EXITCH 

TO A-DATA REG 

15.38.01 



SW AR EXITCH 
TO A-DATA REG 

15.38.01 



A-DATA REG TO A CH 
15.38.02 



A-DATA REG TO A CH 
15.38.02 



A-DATA REG TO A CH 
15.38.02 



BINARY REG A4 AND 

A8 TO ZONE ADDER 

14.18.07 



ASSEMBLE TENS CHAR 
TO STORE IN A-FIELD 



USEACHNU 15.49.03 
USE fcCH WM 15.49.04 



BINARY REG A 1 AND 

A2 TO ZONE ADDER 

14.18.07 



ZONE ADDER A AND 

B BITS TO ASSEMBLY 

16.17.01 



"XTfTeT 



ZONE ADDER A AND 

B BITS TO ASSEMBLY 

16.17.01 



ASSEMBLE UNITS CHAR 
TO STORE IN A-FIELD 



/USE ACH NU 15.49.0: 

■ USE MCH WM 15.49.04 

USEZONE ADDER A, 

B BITS 



ASSEMBLE HUND CHAR 
TO STORE IN A-FIELD 



/USE ACH NU 15.49 
/ USE ACH WM 15.49.04 
~{ USriOHt ADDER A, 
V BBITS 



SIGNAL LAST 

EXECUTE CY 

12.12.51 



CO. 

c 
oo 

I 

TO 

2 



o 



2 

o 

> 



1/1 

CD 
-O 
C 
ft> 



ADDRESS STORE 
A-CYCLE 



UNITS LATCH 

BODY LATCH 

A RING 1 

A RING 2 

A RING 3 

A RING 4 

SET A2, A8 FROM BCD TO BIN XLATE 

BINARY REGISTER A2, A8 

SET Al, A2, A4, A8 FROM BCD TO BIN XLATE 

BINARY REGISTER Al, A2, A4, A8 

GATE B AR UNITS POS TO ADDR EXIT CHANNEL 

GATE B AR TENS POS TO ADDR EXIT CHANNEL 

GATE B AR HUND POS TO ADDR EXIT CHANNEL 

GATE B AR T TH POS TO ADDR EXIT CHANNEL 

GATE B AR TH POS TO ADDR EXIT CHANNEL 



E 


B 


C 


d|e|f|a|b|c|d|e|f|a|b|c|d|e|f|a|b|c|d|e|f|g|h|j|a|b|c|d[e|f]g|h|j|a|b|c|d|e|f|g|h|j] 




'6 


'7 


i 8 i | i 




i 1 i 1 i 








> ill , i 








i i 1 i 1 








i i .1 i 1 i 








' i 1 i 1 








i i i i i 1 


In!! ! ! ! 








1 i 


! ! n ! ! ! ! 








i i | i i 








i i ■ i i 








iii i | | 








i i ' i 1 








lli i i i 








ill i 








1 i i i i i 






Operation (Figure 8.7-1) 

The (AAA) address reads into the AAR in the usual manner. Because the address 
to be stored is already in the BAR, no transfer from the AAR to the BAR is needed. 
Thus, the B-cycle after I-Op time is not necessary. The operation proceeds in the 
same manner as the Q-Op code. 

8.7.03 Modify Address 

Op- Code Function 

The # (AAA) (BBB) instruction adds the three-character field specified by the A- 
address to the B-address. The three numerical positions and zones over the units 
and hundreds positions of each field added, and the three-position result (including 
appropriate zones) is stored in the B-field. Word marks are ignored and remain 
unchanged in both fields. 

Operation (Figure 8.7-3) 

Three sets of A- and B-cycles add the address from the B-field to the modifier in 
the A-field. The modified address is then stored back in the B-field. The zone 
bits over the B-field units and hundreds position must be added to the zone bits 
over the modifier. The problem is illustrated in the following example: 

A = 1 

B = 2 B = 8 
Contents of B-address to be modified 9 6 5 

B = 2 
Contents of A-address - modifier 



A = 1 A - 4 
B = 8 
Sum 9 6 5 

In 1410 numerical form 13965 

+ 2000 

15965 

The following sequence of events takes place (Figure 8. 7-4) 

First add cycle. The units position 5- and 0-digits add in the 1410 adder. The 
result switches to the assembly channel. The B-zone bit on the B-channel adds 
to no-bit in the zone adder. The resulting B-bit is gated to the zone assembly 
by a forced adder no-carry. 

Second add cycle. The tens -position 6- and 0-digits add in the 1410 adder. The 
result switches to the assembly channel. Any zone bits (index tags) over the 6 
in the B-field are gated from the B-channel to assembly. No zone adder opera- 
tion is involved. 
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1ST A-CYCLE 

FOR UN ITS 

POSITION ADDITION 



RO OF A AR TO STARX, 
f CAUSES TRANSFER OF \ 
\A-FIELD TOBCHANNELJ 
VTO A-DATA REGISTER/ 



ST B CYCLE FOR UNITS 
POSITION ADDITION 



/ NOTE THAT D AR IS \ 
/ NOT RESET. \ 

I UNITS POS ADDRESS F 
\ REMAINS IN D AR / 



£AR MODIFIED SO THE\ 
AR MODIFIED SO TENSL 
DSITION IS READ OUT / 
ON NEXT B-CYCLE 



♦ SIGN OP CODE 

MODIFY ADDR 

13.13.10 



SETUP A-CYCLE 
12.12.41 



SET UNITS 

CONTROL LATCH 

16.30.01 



ROA AR 
14.71.30 



RESET A AR 
14.71.20 



SET 1ST SCAN CTRL 

12.30.05 



MODIFY BY MINUS 1 

14.71.41 



SET A AR 
14.71.10 



SET UP B-CYCLE 
12.12.44 



RO D AR 
14.71.33 



RESET B AR 
14.71.21 



RGEN 1ST SCAN CTRL 
12.30.05 



MODIFY BY MINUS 1 
14.30.08 



SET B AR 
14.71.13 



Figure 8.7-3A IBM 1401 Mode Modify Address 



OP CODE FORMAT 

* (AAA) (BBB) 



SIGNAL ADDING 
IN UNITS POSITION 



A-AR MODIFIED SO 

/TENS POSITION IS READ\ 

OUT ON NEXT 

A-CYCLE 



A. 

:ad\ 

J 



RO OF D AR TO STAR 

CAUSES TRANSFER OF 

8-FIELD TO B-CH 



J. 



S- 



LB OP LIROC SETS 
NO CARRY 

16.20.20 



LB OP LIROC 
SET TRUE 
16.20.13 



TRUE CTRL LATCH 
16.20.14 



TRUE LATCH 

TRUE ADD A 

16.20.14 



TRUE ADD B 
16.20.10 



GATE A CH TO 

ZONE ADDER 

14.18.07 



GATEB CHTO 

ZONE ADDER 

14.18.07 



FORCE ADDER 

NO CARRY 

16.20.20 



ASSEMBLE UNITS 
POSITION CHARACTER 



STORE IN 

B AR LOCATION 



/ ADDER CONTROLS 
A CAUSE ADDING OF 
V UNITS POS NUMERIC 




ZONE ADDER CTRLS 
CAUSE ADDING OF 
UNITS POS ZONES 



USE ADDER NU 

16.40.02 

ASMCH BITS ADDER 

ZONES 16.17.02 

.USEB CHWM15. 50.06, 



cxt ,.'.,■'■ V ^ 



f • ~- 



'£<" Y 



, r ? 
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CO 

c 



2ND A -CYCLE 

FOR TENS POSITION 

ADDITION 



CRO OF A AR TO STAR 
CAUSES TRANSFER OF 
A-FIELDTO B CH TO 
A -DATA REGISTER 



SET UP A -CYCLE 
12.12.20 



REGENTRUE 
16.20.13 



SET BODY CTRL LATCH 
16.30.01 



SIGNAL ADDING 
TENS POSITIO 



SINN 



TRUE CONTROL LATCH 
16.20.14 



RO A AR 
14.71.30 



TRUE LATCH 

TRUE ADD A 

16.20.14 



2 

O 

Q. 



RESET A AR 
14.71.20 



REGEN 1ST SCAN CTRL 
12.30.05 



ADDER CTRLS CAUSE 
ADDING OF TENS 
POSITION NUMERIC 



TRUE ADD B 
16.20.10 



MODIFY BY MINUS 1 
14.30.08 



(A A R MODIFIED SO" 
HUND POSITION IS 
READ OUT ON 
NEXT A-CYCLE 



ASSEMBLE TENS 
POSITION BITS 



USE ADDER NUM 16.40.02 

USE B CH WM 15. 49. CM 
USE B CH ZONES 15.49.05 



STORE IN 

BAR LOCATION 



SET A AR 
14.71.10 



2ND B- CYCLE 

FOR TENS 

POSITION ADDTION 



SET UP B- CYCLE 
12.12.44 



RO B AR 
14.71.31 



TENS POSITION 
B-FIELDTO 
B CHANNEL 



RESET B AR 
14.71.21 



REGEN 1ST SCAN CTRL 
12.30.05 



MODIFY BY MINUS 1 
14.30.08 



SET BAR 
14.71.13 



/Modify by minus i n 
j so hund position 
"1 is read out on 

v next b -cycle 



n 

CO 

n 




(3RD A -CYCLE FOR 
HUND POSITION 
ADDITION 



ROOF A ARTOSTAR^ 
CAUSES TRANSFER OF 

HUND POSITION 

A -fLD CHAR TO B CH 

& TO A -DATA REG 



SET UP A -CYCLE 
12.12.20 



REGENTRUE 
16.20.13 



SET EXTENSION 

CONTROL LATCH 

16.30.01 



SIGNAL ADDING 

IN HUNDREDS 

POSITION 



TRUE CTRL LATCH 
16.20.14 



RO A AR 
14.71.30 



TRUE LATCH 

TRUE ADD A 

16.20.14 



RESET A AR 



TRUE ADD B 
16.20.10 



> 



REGEN 1ST SCAN CTRL 
12.30.05 



MODIFY BY MINUS 1 
14.30.08 



GATE A CHANNEL 

TO ZONE ADDER 

14.18.07 



SET A AR 
14.71.10 



GATE B CHANNEL 

TO ZONE ADDER 

14.18.07 






^ 



3RDB-CYCLEFOR 

HUND POSITION 

ADDITION 



SET UP B- CYCLE 
12.12.44 



RO B AR 
14.71.31 



HUND POSITION 

OF B-FIELDTO 

B CHANNEL 



/ ZONE ADDER \ 
I CONTROLS CAUSE ]_ 
I ADDING OF HUNDREDS/" 
\POSITION ZONES / 



GATE ADDER CARRY 

OR NO CARRY TO 

ZONE ADDER 

14.18.07 



RESET BAR 
14.71.21 



ASSEMBLE HUND 
POSITION BITS 



REGEN 1ST SCAN CTRL 
12.30.05 



STORE IN 
BAR LOCATION 



MODIFY BY MINUS 1 
14.30.08 



NO 



SET B AR 
14.71.13 



ZONE ADDER CARRY 



ADDER CONTROL\ 
CAUSE ADDING \ 
OF HUNDREDS ) 

,. POSITION NUMERIC/ 



' USE ADDER NUM 16.40.02\ 
ASM CH BITS ADDER ZONES \ 
16.17.02 I 

).06 / 



USEB CH WM 15.50. 






LAST EXECUTE 

CYCLE ARITH 

16.42.02 










B- CYCLE TO 
ADD ZONE ADDER 
CARRY TO UNITS 
POSITION ZONES 



UNITS POSITION 

OF B -FIELD 
TO B CHANNEL 




SET UP B- CYCLE 
16.42.01 



SET UNITS CTRL LATCH 
16.30.01 



RO D AR 
16.41.01 



RESET B AR 



SET 3RD SCAN CTRL 
16.43.01 



MODIFY BY MINUS 1 
14.71.41 



SET B AR 
14.71.11 



GATE B CHANNEL 

TO ZONE ADDER 

14.18.07 



3RD SCAN AND 
UNITS LATCH 
FORCE ZONE 
ADDER CARRY ENTRY/ 



CARRY FOR 

ZONE ADDER 

14.18.05 



ASSEMBLE UNITS 
POSITION CHARACTER 



SIGNAL ADDING 

ZONE CARRY 

IN UNITS POSITION 



SET BY EXT 

LATCH & ZONE 

CARRY 



UNITS POSITION 
B-FIELD ZONES 
TO ZONE ADDER 



STORE IN 
B AR LOCATION 




/ASM CH BITS ADDER 
J ZONES 16.17.02 

\ USE B CH WM 15.49.04 
\USE B CH NUM 16.40.02, 



Figure 8.7-3D IBM 1401 Mode Modify Address 
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3. Third add cycle. The hundreds position 9- and 0-digits add. The result 
switches to the assembly channel. The A- and B-zone bits on the B-channel 
add to the B-zone bit on the A-channel in the zone adder. The resulting A-bit 
is gated to the zone assembly by the adder no-carry. In addition, a zone- 
adder-carry results. This must be added to the zones in the units position. A 
B-cycle is taken to do this. 

4. Special B-cycle, caused by zone-adder-carry. On the first add cycle (B-cycle 
portion), the DAR reads out to address storage, but does not reset. Instead, 
the BAR resets and is modified, and the DAR remains unchanged, with the units 
position B-address intact. This address is used on the special B-cycle to read 
out the units position of the B-field to the B-channel. The previously stored 
B-bit then adds to the zone-adder-carry to result in A- and B-bits. These are 
gated to the assembly channel along with the B-channel numerical bits. 

5. Signal last-execute cycle. The last-execute cycle signal develops after the 
third add cycle, if no zone-adder-carry occurs. If a zone-adder carry takes 
place, the last-execute cycle signals after the special B-cycle caused by the 
zone -adder -carry. 

The units, body and extension latches signal which position is added. 

Latch Position Added 

Units Units position 

Body Tens position 

Extension Hundreds position 

8. 7. 04 No Operation (N) 
Op-Code Function 

The N-Op code performs no operation. It can substitute for the Op code of any 
instruction to make that instruction ineffective. 

Operation (Figure 8. 2-1) 

When the Op registers detect a No -Op Op code, they allow the I-ring to advance 
and I-cycles to be taken until the next Op code, as defined by a word mark, reads 
out of storage. The word mark conditions Last Insn RO Cycle, Last I-Cycle, and 
Last Execute Cycle to start the next instruction read-out operation. 

8.7. 05 Halt ( . ) 
Op- Code Function 

The ( . ) Op code stops the machine and starts a stop print-out operation. Pressing 
the start key starts the program at the next instruction in sequence. 

Operation (Figure 8. 7-5) 

The last instruction read-out cycle (determined by the presence of a B-channel WM 
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OPCODE 



NO 



BRANCH COND 
12.13.05 



YES 



INITIATE IAST 

EXECUTE CYCLE 

12.60.08 



STOP AT F 

ON B CYCLE 

12.12.30 



SET THE STOP LATCH 

AND STOP THE CLOCK 

12.15.04 



INITIATE 

STOP PRINT OUT 

12.15.04 



SET THE 1401 

BRANCH LATCH 

12.60.19 



1401 TAKE I TO B CYCLE 
SET B CYCLE CTRL 

12.12.44 



ADDR MODIFIER 

SET TO ZERO 

14.71 .41 



READ OUT I AR 

SET TO STAR AND B AR 

14.71.34 



Figure 8.7-5 Halt, and Halt and Branch 
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bit at I-ring-1 time) causes a simultaneous last-execute cycle. This sets the stop 
latch, stops the logic clock, and starts a stop print-out operation. 

8.7.06 Halt and Branch Op . (I) 

Operation (Figure 8.7-5) 

The I-address reads into the AAR. A B-cycle then starts. During the B-cycle 
the IAR reads out to the STAR, and through the modifier (set to modify-by-zero 
condition) to the BAR. The last-execute cycle stops the logic clock and starts the 
stop print- out. 

When the start key is pressed, the 1401 branch latch sets to read out the AAR 
to STAR for the I-Op cycle of instruction t read-out. 

8.7.07 Set Word Mark , (A) (B) 



Op -Code Function 

The , Op code causes a word mark to set at each address specified in the instruc- 
tion. The data at each address is undisturbed. If this instruction is given with 
one address (A-address). a word mark is set at the A-address only. If the address 
instruction is indexed, a word mark sets at the locations specified by the indexed 
A-address. However, if this instruction is given with no A-address (no-address 
instruction), word marks are set at the locations specified by the addresses in 
both the A- and B-address registers (contents from previous operation). 

Operation 

One A- and One B-cycle are required to execute this operation. During A-cycle, 
the A-address character reads from storage to the B-channel. It is then gated 
through the assembly and back into storage, accompanied by a WM bit. Also at 
this point, a check bit is added or removed to maintain parity. 

During B-cycle the character at the B-address reads from storage and is 
treated similarly. If only one address is specified, the A-data address is stored 
in both the A- and B-address registers during instruction RO. Therefore, when 
the execute phase begins for a single address instruction the A-data address is in 
both the AAR and BAR. Thus a WM is set in the same location twice, once during 
A-cycle, once during B-cycle. 

If this instruction is given with no address, WM's are set in A- and B-address 
locations specified in the previous instruction. The operation is the same as a 
two-address instruction. 

8.7.08 Clear Word Mark n (A) (B) 

Op -Code Function 

The Op code causes word marks cleared from the locations specified by the A- 
and B-addresses of the instruction. The data at each address is undisturbed. If 
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this instruction is given with one address, a word mark clears at the A-address 
only. If the instruction is indexed, a word mark clears at the location specified by 
the indexed address. However, if this instruction is given with no addresses, word 
marks clear at the locations specified by the addresses in both the A- and B-address 
registers from the previous operation. 

Operation 

This operation is executed in much the same manner as set word mark (section 
8. 7. 07 Set Word Mark) . One A- and one 3 -cycle are taken. The character to be 
treated is handled in the same manner. The same Op-code grouping lines are acti- 
vated. The significant difference is that the WM bit is removed (instead of being 
set) as the character is gated through assembly to storage. 

This is accomplished by controlling the assembly to Use No WM. 

8.7.09 Clear Storage /(A) 

Op- Code Function 

The / Op code causes as many as 100 positions of core storage to be cleared of 
data and word marks. Clearing starts at the A-address and is forward- scanned to 
the nearest hundreds position. The cleared area sets to blanks. 

Operation (Figure 8.7-6) 

The operation is executed by a series of B~cycles during which the assembly is con- 
trolled to Use No WM's , Zones or Numerics. Clearing starts with the location 
specified by the A-address, and continues to the nearest even hundreds position. 
The Mod by Minus -One condition that is still ON at logic gate D-time recognizes the 
even-hundreds address. This indicates a borrow-one-from-hundreds position. It 
sets the even-hundreds latch, and ends the execute phase. 

When this instruction is given without an address, the contents of the B-address 
register from the previous operation are used as the A-address. 

8. 7. 10 Clear Storage and Branch / (I) (B) 

Op-Code Function 

This instruction performs the same operation as / (A) except that the clearing starts 
at the B-address. The I-address specifies the location of the next instruction. This 
is an unconditional branch. 

Operation (Figure 8. 7-6) 

As described for the clear storage operation, Cle ar Storage and Branch is executed 
by a series of B-cycles. Because the last instruction RO cycle occurs at I-ring-11, 
the 1401 branch latch is set ON. When the even-hundreds address sets ON and is 
gated with the 1401 branch latch ON, N o Scan Co ntrol sets and another B-cycle is 
taken to store the address in the IAR. The next instruction reads out, starting from 
the address specified by the AAR. 
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/OPCODE 



i or; 



LAST INSN RO 
AT I 1, 18, OR I 11 



I 11 



SET 1401 

BRANCH LATCH 

12.60.19 



SET 1ST SCAN LATCH 
12.30.05 



TAKE A B CYCLE 
12.12.44 



USE B AR TO RO 

B FIELD CHARACTER 

14.71.31 



GATE ASM 
TO STORAGE 



USE NO ZONE 
USE NOWM 
USE NO NU 
CBIT 



NO 



BORROW ONE FROM 
HUNDREDS POSITION 



YES 



MOD BY 

MINUS ONE STILL 

ON AT LG-D 



SET NOT EVEN 

HUNDREDS ADDR LATCH 

14.71.40 



SET EVEN 

HUNDREDS ADDR LATCH 

14.71.40 



YES 



1401 BRANCH 
LATCH ON? 



NO 



BRANCH 



END OP START INSN RO 
12.60.08 



Figure 8.7-6 Clear Op Code 
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8. 8. 00 INPUT-OUTPUT INSTRUCTIONS 

Four major differences arise when processing IBM 1401 I/O instructions on the 
IBM 1410: 

1. Specific input-output areas are assigned in the CPU core-storage unit. Cards 
read into storage locations 00001 through 00080. Cards are punched from 
storage locations 00101 through 00180. Information prints from storage loca- 
tions 00201 through 00332. 

2. A 1401 instruction can be given to address more than one I/O unit. For ex- 
ample, the 1401 Op code 7 causes the printer to print a line, the card reader 
to read a card, and the card punch to punch a card (in that order). 

3. A 1401 I/O instruction can include an I-address to cause an unconditional branch 
after the I/O operation is completed. 

4. If an I/O error occurs, or if an addressed I/O unit is not ready or is busy, the 
CPU stops and waits either until the operator corrects the not-ready or error 
condition, or until the addressed unit becomes not busy. This means that the 
1410 I/O channel status indicators are never set when operating in the 1401 mode. 

8. 8. 01 Read a Card 

Op-Code Function (1) 

The 1401 read-a-card Op code 1 causes all 80 columns of information to read into 
core-storage locations 00001 to 00080. 

Operation (Figures 8. 8-1 and 8. 8-2) 

A reader operation in 1401 mode causes the contents of the 80-position read-storage 
unit in the synchronizer to transfer to the core-storage unit in the CPU. The start- 
ing address, 00001 is generated in the CPU. 1401 instructions cause the 1410 to 
operate in the move mode; there is no translation of word- separator characters. 
Word marks that previously were set in 00001 through 00080 read out on the B- 
channel, combine in assembly with the characters from read storage, and read 
back into the CPU core-storage unit. 

The 1 Op code brings up the 1401 card-print Ops signal to indicate that one or 
more of the input-output operations is to be performed. At last instruction RO 
cycle time, a 4-position I/O scan-ring scans the Op register 2 (print), Op register 
1 (read) and Op register 4 (punch) lines in sequence. If the tested Op register out- 
put is not up, the ring advances at the next lst-clock-pulse time to test the next 
Op register output in sequence. Since the Op register 1 line is up, the scan-ring 
advance stops, and the read trigger (13. 70. 01) remains ON until the record from 
read storage transfers into CPU core storage. 

The E-channel is selected automatically by the 1401 read operation. Because 
the 1401 does not have status indicators, E-channel status indicators are not set 
before starting transmission. If the reader is not ready or busy, the CPU stops, 



373 



1401 CARD-PRINT 

OPS SCAN 

13.13.11 



CARD PRINT IN PROCESS 
13.70.02 



TURNS ON SCAN RING 
1401 l-O 2 POS 
(PRINT TRIGGER) 
13.70.01 



NO 



ADVANCE SCAN RING 
TO 1401 l-O 1 POS 
(READ TRIGGER) 
13.70.01 



NO 



ADVANCE SCAN RING 

TO 1401 l-O 4 POS 

(PUNCH TRIGGER) 

13.70.02 




NO 



ADVANCE SCAN RING 

TO 1401 l-O END POS 

13.70.02 



TURN OFF CARD 

PRINT IN PROCESS 

13.70.02 



SIGNAL LAST EXECUTE 
13.65.07 



OP REG 2 BIT 

(PRINT) ON? 

13.70.03 



YES 



1401 PRINT 
13.70.03 



FIGURE 
8.8-4 



OP REG 1 BIT 
(READ) ON 
13.70.03 



YES 



1401 READ 
13.70.03 




FIGURE 
8.8-2 



OP REG 4 BIT 
(PUNCH) ON 
13.70.03 



YES 



1401 PUNCH 
13.70.03 



4 ) FIGURE 
8.8-3 



Figure 8.8-1 IBM 1401 Card-Print Ops Scan 
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1401 READ OP 
13.70.03 



SELECT UNIT 1 

(CARD READER) 

15.55.09 



RESET STATUS 

INDICATORS 

15.41.12 



SET MOVE MODE 
15.62.02 



1st 1-0 

CYCLE CTRL 

13.70.03 



GENERATE 

ADDRESS 00001 
14.70.14 



REQUEST READ 

TRANSFER SCAN 

52.10.09 



TRANSFER 

SCAN REQUEST 

GRANTED 

52.10.02 



SET BUFFER RINGS 
TO ADDRESS 
POSITION 00 



READ OUT 

ADDRESSED 

BUFFER POSITION 



SET STROBE 
TRIGGER 
15.62.03 



E 1 REG FULL 
15.41.10 



SET E I 

15.62.04 



SET E I FULL 
15.41.10 



RESET STROBE 
TRIGGER 
15.62.03 



COPY E I C BIT 
15.62.06 



COPY E 1 BCD TO E 2 
15.62.06 



T 



Figure 8.8-2 IBM 1401 Mode Read Op 



START 1401 
READ SS 



ADVANCE BUFFER 
RINGS 



E 2 REG 

FULL LATCH ON 

15.41.11 



SET E 2 
15.62.04 



RESET E 1 

REG FULL LATCH 

15.41.10 



TAKE E-CYCLE 
12.12.62 



START CLOCK 
11.10.10 



GATE E 2 CHAR TO 

A CHANNEL 

15.38.03 



GATE A CHANNEL 

TO ASSEMBLY 

15.49.03 



STORE ASSEMBLY 

IN B-ADDRESS 

14.71.31 



ONE UP B AR 
14.71.41 



RESET E 2 FULL 
15.41.10 



READ BUFFER 

POSITION 79 

51.32.01 

51.32.01 



TURN ON END 

OF SCAN TR 

51.32.01 



SET EXT 

END OF TRF 

13.42.11 



FORCE INT 
END OF TRANS 

13.63.01 



SET E CH STATUS SAMPLE 
B DELAYED 
13.65.05 



ENERGIZE CLUTCH WHEN 

1401 READSS IS 

TIMED OUT 

52.10.09 
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and must be restarted manually. The E-channel unoverlap-in-process latch sets 
so the transmission takes place via the E-channel in the unoverlap mode. The ad- 
dress 00001 is generated and gated to the BAR. The transfer of data takes place 
in the usual manner, and the BAR is updated on each B-cycle. After the transfer, 
the next card reads into reader storage. 

When the buffer end-of-transfer signal returns to the CPU, the E-channel status 
sample B-delay comes ON. This, in turn, advances the scanning to the end posi- 
tion provided that no punch operation is indicated. Input-output controls turn OFF, 
and a last-execute cycle signals. 

Circuits 

1. Recognize the card-print operation. 

Signal Control Lofli^ 

1401 card print ops (not) Ctrl rog disable 13. 13. 11 

1401 mode 
Op crdr, not A, not B, not 8 

2. Scan for print or read or punch. 

Signal Control Logic 

1401 print trigger 1401 card print ops 13. 70. 01 

Last insn RO cycle, LG-E 

Not 1401 card or prtr (not) Op reg 4-bit 13. 70. 03 

mode (not) Read trigger 

(not) Punch trigger 



Because this is not a print operation ( Op Reg 2-Bit is not ON), the scan ring 
advances to the 1401 I/O 1-position (read trigger). 

Signal Control Logic 

1401 I/O ring advance (not) 1401 card or prtr mode 13. 70. 01 

1401 read trigger 1401 I/O ring advance 13. 70. 01 

1401 print trigger 

1401 Read 1401 Read trigger 13.70.03 

Op Reg 1 Bit 

The 1401 read signal prevents the development of the Not 1401 Card or 
Prtr Mode signal. Thus, the scanning does not advance and the read trigger 
remains ON until read storage transfer-scans to core storage. 



3. Signal the card print-in-process (i. e. , read). 
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Signal 

1401 set cd print-in-proc 

1401 card print-in-proc 



Control Logic 

1401 card or print op code 13. 70. 01 
Last insn RO cycle, LG-E 

1401 set cd print-in-proc 13. 70. 02 



The 1401 card print-in-process trigger remains ON until the scan ring ad- 
vances to the 1401 I/O end position. On a read-only operation, this occurs 
immediately after read storage empties because no punch operation takes place. 



4. Select E- channel and unit 1. 

Signal 

E-ch select unit 1 
Unit 1 select to I/O 
E-ch select any buffer 
E-ch in mode (latch) 
E-ch input mode 
E-ch input op to buffer 
Gate I/O sync to El 



Control 

1401 read 

1401 read 

E-ch select unit 1 

1401 read trigger 

E-ch in mode 

E-ch in mode 

E-ch sel any buffer 
E-ch input mode 



5. Set up the E-channel for processing. 

Signal 

Card print reset (trigger) 

1st I/O cycle control 

E-ch unovlp-in-process 

E-ch -in-process 

6. Generate address 00001. 

Signal 

RO 00001 index addr 

RO fixed addr 
ARbus (00001) 

7. Request a read transfer scan. 



Logic 
13.50.03 
13.50.03 
13.60.03 
15.62.01 
15. 62. 01 
15.62.01 
15. 62. 07 



Control 


Logic 
13.70. 




1401 read, 2nd clock pulse 


03 


clamped 






Card print reset (trigger) 


13. 70. 


03 


2nd clock pulse clamped 






1401 card print-in-process 


13. 60. 


04 


1st I/O cycle control 






E-ch unovlp-in-process 


13.60. 


04 



Control 


Loqic 




1st I/O cycle control 


14.70. 


14 


1401 read trigger 






RO 00001 index addr 


14.70. 


14 


RO fixed addr and 


14. 15. 


01 


RO 00001 index addr 


to 14. 15. 


12 
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Signal 
Ready-to-buffer 

Ready 

Rd trans req 

Rd priority gate 

Rd pr req trigger (on) 

Gate on rd scan tr 
Rd scan 



Control 

E-ch -in -process 
E-ch select any buffer 
E-ch input mode 

Ready-to-buffer 

Ready 

Rd ready 

(not) Reader busy 

Select unit 1 

Rd trans req 

Rd priority gate 
Time 080-090 

Rd pr req tr 
(not) Same scan 
(not) PT scan req 

Gate on rd scan tr 
Time 030-040 



8. Read out the addressed buffer position. 

Signal Control 

TimePl 1 latch (on) 



Time PI 2 latch (on) 



Read scan 

(not) Single cycle mode 

Time PI 1 latch (on) 
Time 000-010 



Logic 

1 3. 70. 04 

51. 40.04 

52. 10.09 

5 2. 10.07 
5 2. 10.01 

52. 10.01 
52. 10.02 

Logic 
51. 30.02 

51. 30.02 



Timing pulse gate 
Rd pulse L latch (on) 

Rd pulse L latch (off) 
Rd pulse S latch (on) 
Rd puise o latch (On j 
Read pulse 1 010-040 

Read pulse 2 005-040 

9. Set the strobe trigger. 

Signal 

Trans scan 
Strobe latch 
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Time PI 2 latch (on) 

Time 000-010 
Not clock 2 

Time 040-050 

Time 010-020 

Time 040-050 

Rd pulse S latch 
Timing pulse gate 

Rd pulse L latch 
Timing pulse gate 



Control 

Rd tfr scan 

Trans scan 
Time 020-030 



51. 30.02 
51.30.05 

51. 30.05 
51. 30.05 
51. 30.05 
51. 30.05 

51. 30.05 



Logic 

51.40.40 
51.40.43 



Signal 

I/O to CPU trans 

Buffer strobe 

E-ch strobe trigger 

10. Set the El register, set 

Signal 
Set El reg 

E-ch strobe trigger (off) 
El full 

11. Transfer El to E2. 

Signal 

E-ch move mode 

E-ch reset 

Copy El BCD to E2 

E2 reg full latch (off) 

Set E2 reg 

E2 reg full latch (on) 

El reg full latch (off) 

12. Signal that an E-cycle is 

Signal 

E-cycle required 

E-cycle Ctrl 

E-cycle 



Control 

Rd trf scan 

I/O to CPU trans 
Time 080-090 
Strobe latch 

Buffer strobe 

E-ch select any buffer 



Logic 

51.40.40 

51.40.43 

15. 62. 03 



the El full latch, and reset the strobe trigger. 

Control Logic 

E-ch strobe trigger 15. 62. 04 

E-ch input mode 
(not) El reg full 



E-ch input mode 
Set El reg 

Set El 



Control 



1401 card print-in-process 

Card print reset 

(not) El reg word separator 

E-ch reset 

El reg full latch (on) 
E2 reg full latch (off) 

Set E2 reg 

(not) El reg word separator 

E-ch input mode 
Set E2 reg 

required. 

Control 

E-ch input mode 
E-ch-in-process 
E2 reg full 

E-cycle required, 

2nd clock pulse 

LG-Z, (not) F-cycle required 

E-cycle Ctrl, LG-B or S 



15. 62. 03 
15. 41. 10 

Logic 
15. 62. 02 
15.41. 12 
15.62.06 

15.41. 10 
15.62.04 

15.41. 10 

15.41. 10 

Logic 
12. 12.62 

12. 12.66 

12. 12.66 
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13. Control the clock. 

Signal Control l^alS- 

Comp disable cycle E-ch unovlp-in-process 12. 12- 60 

This holds the clock OFF, until E-cycle-required comes ON. 

Signal Control ISatS- 

Logic gate A (undamped) E-cycle required 1 1- 10. 10 

E-ch unovlp-in-process 

14. Gate the E2 character to the A-channel. 

Signal Control l£^S. 

Gate E2 data reg to A-ch E-ch input mode 15. 38. 03 

E-cycle 



15. Gate A-channel to assembly. 



Signal 



Control Loq ic 



Use A-ch zones In cy GM-WM Ctrl 15. 49. 03 

A-ch valid or ast switch (off) 
Odd-parity cycle 

Use A-ch nu In cy GM-WM Ctrl 15. 49. 03 

A-ch valid or ast switch (off) 
Odd-parity cycle 

Use B-ch WM Input cycle 15. 49. 04 

Move cycle 

16. Store the assembly channel in the B-address. 



Signal 




Control 


Loqic 


B or E or F- 


•cycle Ctrl 


E-cycle Ctrl 


12. 12. 02 


B or E or F- 


•cycle 


B -cycle 


12. 12. 07 


ROBAR 




E -cycle ctrl 

E-ch unovlp-in-process 


14.71.31 


Reset BAR 




B or E or F-cycle Ctrl 
LG-Early B 


14. 71. 21 


Set BAR 




B or E or F-cycle Ctrl, 
LG-B or C 
B or E or F-cycle, 
LG-D or E or F 


14.71.11 


Addr mod set to plus one 


E-cycle Ctrl 


14.71.41 
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17. Energize the read clutch. 



Signal 

1401 read latch 

Rd feed gate (latch) 

Read feed (trigger) 

Rd clutch 



Control 

Rd trans req 
1401 mode 

1401 read latch, 
End of SS timing 

Rd feed gate, 
Proc feed rd 

Read feed 



18. End the external transfer, and develop sample pulses 

Signal Control 

E-ch ext end-of-transfer Buffer- end -of -transfer 

E-ch select any buffer 
1st clock pulse 



E-ch last input cycle 



E-ch int end-of-transfer 
E-ch int end-of-trf delayed 
E-ch status sample B 

E-ch second sample B 



E-ch ext end-of-transfer 

(not) El reg full 

(not) E2 reg full 

E-ch cycle, E-ch input mode 

Logic gate C or T 

E-ch last input cycle 
LG-F or W 

E-ch last input cycle 
Logic gate Z 

E-ch int end-of-trf delayed 
E-ch ext end-of-transfer 
Logic gate Z, 
(not) 2nd clock pulse 

E-ch status sample B 
(not) 2nd clock pulse 



E-ch status sample B delayed E-ch second sample B 

(not) 2nd clock pulse 

19. Advance the scan ring to the end. 
Signal Control 

1401 I/O ring advance E-ch status sample B delayed 



1401 I/O 4-pos (punch) 



1401 read trigger 
1401 I/O ring advance 



Logic 
52. 10.08 

52. 10. 08 

52. 10.09 

52. 10.09 

Logic 
13.42.11 

13. 63. 02 



(not) 1401 card or prtr mode (not) read, (not) punch, (not) print 
1401 I/O ring advance (not) 1401 card or prtr mode 



13. 63. 01 
13.63.01 
13.65.05 

13.65.05 
13. 65. 05 

Logic 

13.70.01 

13.70.02 

13. 70. 03 
13.70.01 
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Control 


Loqic 


1401 I/O end 


13.65.07 


(not) 1401 branch latch 




Last execute cycle I/O 


12. 12.51 



Signal Control Logic. 

1401 I/O end pos 1401 punch trigger 13.70.02 

1401 I/O ring advance 

1401 card print-in-proc (off) 1401 I/O ring advance 13.70.02 

1401 I/O end 

20. Signal Last Execute cycle. 
Signal 
Last execute cycle I/O 

Last execute cycle 
8. 8. 02 Punch a Card 
Op-Code Function (4) 

The 1401 punch-a-card Op code (4) punches the information in the 1410 core-storag( 
locations 00101 to 00180 into a card. Word marks are not disturbed by the punch- 
out. 

Operation (Figures 8. 8-1 and 8. 8-3) 

The 4 Op code brings up 1401 card print Ops to allow the 1401 I/O scan ring to 
advance. The scan-ring print trigger turns ON, but since there is not an Op regis- 
ter 2-bit, the ring advances to the read-trigger position. There is no 1-bit in the 
Op register, so that the ring advances to the punch-trigger position. The 4-bit in 
the Op register combines with the punch trigger on output to signal a punch opera- 
tion. A punch transfer scan is requested, and the transfer takes place over the 
E-channel in the unoverlapped, move mode. Eighty characters transfer to punch 
storage. When the transfer is complete, the punch is set in motion to punch the 
record, and the CPU is released for further processing. 

Circuits 

1. Recognize the card-print operation. 

Signal Control Logic 

1401 card print opr (not) Ctrl reg disable 13. 13. 11 

1401 mode 
Op dcdr not A, not B, not 8 

2. Scan for Print, Read , or Punch. 

Signal Control Logic 

1401 print trigger 1401 card print ops 13. 70. 01 

Last insn RO cycle 
Logic gate F 
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SELECT UN IT 4 (PUNCH) 
13.50.03 



RESET STATUS 

INDICATORS 

15.41.12 



SECECT E-CHANNEL AND 

OUTPUT MODE 

15.62.01 



1ST 1-0 CYCLE 
CONTROL 
13.70.03 



E CHANNEL UNOVLP 
IN PROCESS 

13.60.04 



COMPUTE DISABLE 
12.12.60 



RESET El FULL LATCH 
15.41.10 



GENERATE ADDRESS 
00101 

14.70.14 



X 



TAKE E-CYCLE 
12.12.62 



START CLOCK 

11.10.10 



READ-OUT 

B-FIELD CHARACTER 

14.71.31 



SET EI WITH 

B-CHAKACTER 

15.62.04 



SIGNAL El FULL 
15.41.10 



NO/ E2 FULL LATCH ON 
51.40.10 



TRANSFER El TO E2 
15.62.04 



SET E2 REG FULL 
15.41.10 



X 



WRITE E2 CHAR INTO 

ADDRESSED BUFFER 

POSITION 

15.60.31 



WAIT FOR BUFFER 
CLOCK 070 TIME 



FORCE INT END 
OF TRANSFER 

13.63.01 



RESET E2 FULL LATCH 
15.62.05 



'tU' i -g ff; 



HAVE 80 MfMeSY- 

CYCLES 

TAKEN PLACE 



ADVANCE PUNCH 
BUFFER RINGS 



E CH STATUS SAMPLE 
B DELAYED 

13.65.05 



Figure 8.8-3 IBM 1401 Mode Punch Op 
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Signal 

Not 1401 card or prtr mode 

1401 I/O ring advance 



Control Log»c 

(not) 1401 punch 13. 70. 03 

(not) 1401 read 
(not) 1401 print 

(not) 1401 card or prtr mode 13. 70. 01 



Because this is not a print operation (Op register 2-bit is not ON), the scan 
ring advances to the 1401 I/O 1-position (read trigger). Because this is also 
not a 1401 read operation (not Op register 1-bit), the ring advances again to 
the 1401 I/O 4-position (punch trigger). 



Signal 
1401 punch 



Control 

1401 punch trigger 
Op reg 4-bit 



Logic 
13.70.03 



The 1401 punch signal prevents the development of the Not 1401 Card or 
Prtr Mode signal. The 1401 I/O ring advance signal is not developed, so that 
the punch trigger remains ON until the punch transfer is complete. 



3. Signal Card Print-in-Process. 

Signal Control 

1401 set cd print-in-proc 



1401 card or print op code 
Last insn RO cycle, LG-E 



Logic 
13.70.01 



1401 card print-in-proc 1401 set cd print-in-proc 13. 70. 02 

The 1401 card print-in-process trigger remains ON until the punch buffer 
is filled. 



4. Select E-channel and Unit 4. 

Signal 

E-ch select unit 4 
Unit 4 select to I/O 
E-ch select any buffer 
E-ch out mode (trigger) 
E-ch output op to buffer 
E-ch output mode 
Gate asm ch to El input 



Control 

1401 punch 

E-ch select unit 4 

E-ch select unit 4 

1401 punch trigger 

E-ch out mode 

E-ch out mode 

E-ch output mode 
(not) Control reg disable 



5. Set up the E-channel for processing 

Signal Control 

Card print reset (trigger) 



1401 punch 

2nd clock pulse clamped 



Logic 
13.50.03 
13. 50. 03 
13.60.03 
15. 62. 01 
15. 62. 01 
15. 62. 01 
15. 62. 07 



Logic 
13.70.03 
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Signal 

1st I/O cycle control 

E-ch unovlp-in-process 

E-ch -in-process 
6. Generate address 00101. 



7. Request an E-cycle. 

Signal 

E-cycle required 

(Start logic clock) 
E-cycle Ctrl 



E-cycle 



Control Logic 

Card print reset 13. 70. 03 
2nd clock pulse clamped 

1401 card print-in-process 13. 60. 04 
1st I/O cycle control 

E-ch unovlp-in-process 13. 60. 04 



Signal 




Control 


Logic 


RO 00101 index 


addr 


1st I/O cycle control 
1401 punch trigger 


14.70.14 


RO-fixed addr 




RO 00101 index addr 


14. 70. 14 


AR bus (00101) 




RO fixed addr and 


14. 15. 01 






RO 00101 index addr to 


14. 15. 12 



Con trol Logic 

E-ch output mode 12. 12. 62 

(not) E-ch int end-of-transfer 
El reg full latch (off) 
(not) E-cycle, any last gate 

E-cycle-required 11. 10. 10 

E-ch unovlp-in-process 

E-cycle required 12. 12. 66 

2nd clock pulse 

Logic gate Z 

(not) E-ch int end-of-transfer 

(not) F-cycle required 

E-cycle Ctrl 12.12.66 

Logic gate B or S 



8. Read out the B-address to the B-channel. 

Signal 

B or E or F-cycle Ctrl 

B or E or F -cycle 

ROBAR 

Reset BAR 

Set BAR 

Addr mod set to plus one 



Control 




Loqic 


E-cycle ctrl 




12. 12. 02 


B-cycle 




12.12.07 


E-cycle ctrl 




14.71.31 


E-ch unovlp-in-process 




B or E or F-cycle 


ctrl 


14. 71. 21 


LG- early B 






B or E or F-cycle 


ctrl 


14.71.11 


Logic gate B or C 






E-cycle Ctrl 




14.71.41 
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9. Gate the B-channel character to the El input. 



Siqnal 


Control 


Loqic 


Output cycle 


E-ch output mode, E-cycle 


13.60.06 


Output field cycle 


E -cycle 

(not) E-ch select unit 2 


15. 49. 04 


Use B-ch nu 


Output cycle 
Output field cycle 


15. 49. 05 


E-ch select odd parity unit 


E-ch select unit 4 


13. 60. 03 


Odd parity cycle 


E-cycle 

E-ch select odd parity unit 

Output cycle 


13.60.02 
15. 49. 05 



Gate asm ch to El input 

10. Set El data register. 

Signal 
Set El reg 

El reg full 

11. Transfer El to E2. 

Signal 

E-ch move mode 

E-ch reset 

E2 reg full latch (off) 

Set E2 reg 

E2 reg full latch (on) 

El reg full latch (off) 



Output field cycle 
Odd parity cycle 

E-ch output mode 
(not) Control reg disable 



Control 

1401 card print-in-proc 
(not) E-ch 2nd addr trf 

Set El reg 



Control 

1401 card print-in-process 

Card print reset 

E-ch reset 

El reg full latch (on) 
E2 reg full latch (off) 

E-ch output mode 
Set E2 reg 

(not) Set El reg 



15.62.07 

Logic 
15. 62. 04 

15. 41. 10 

Logic 
15.62.02 
15.41.12 
15.41. 10 
15.62.04 

15.41. 10 

15.41. 10 



When the El register full latch is turned off, E-cycle Required is brought 
up to cause another character to read out and be gated to the El register. 

12. Request a punch-transfer scan. 
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Signal 

Ready to buffer 

Ready 

AC set pch trans req trig 

Pch trans req 

Pch priority gate 
Pch pr req (trigger) 

Gate on pch scan TR 

Pch scan 
Pch trans scan 

Trans scan 



Control 

E-ch-in -process 
E-ch select any buffer 
E2 reg full 

Ready to buffer 

Pch ready 

Ready 

(not) Pch busy 

Select unit 4 

AC set pch trans re q trig 

Pch trans req 

Pch priority gate 
Time 080-090 

Pch pr req 
Same scan 
(not) Inh rd priority req 

Gate on pch scan TR 
Time 030-040 

Pch ready 
Pch trans req 
Pch scan 

Pch trans scan 



13. Write the EZ character into the addressed buffer 



Signal 

CPU to I/O Sync bit 

CPU to I/O bit 

Inh gate bit 

Write pulse 

14. Set the strobe trigger. 

Signal 
Trans scan 
Strobe latch 

CPU to I/O trans 
Buffer strobe 



Control 

E2 reg bit 

CPU to I/O sync bit 

CPU to I/O bit 

070-100 

Control 

Pch trans scan 

Trans scan 
Time 020-030 

Pch trans scan 

Strobe latch 
CPU to I/O trans 
Time 100-000 



Logic 
13.70.04 

51.40.04 
52. 10. 14 

52. 10. 15 

52. 10. 15 
5 2. 10.01 

52.10.01 

52. 10.02 
52. 10.06 

51.40.40 
position. 

Logic 

15.60.31-34 
51. 40. 10 

51. 16.03 
51. 30.05 

Logic 

51.40.40 

51.40.43 

51. 40. 40 
51.40.43 



387 



Signal 

Reset E2 full latch 

E 2 re g full latch (off) 
E-ch strobe trigger (off) 



Control 

E2 reg full 

E-ch strobe trigger 

E-ch output mode 

Reset E2 full latch 

Reset E2 full latch 
E-ch output mode 



Logic 
15. 62. OS 

15.41. 10 
IS. 62. 03 



15. After 80 memory cycles, stop scanning the buffer and develop the external 

end- of -transfer. 

Signal Control 



End of scan 



Tens ring AC set 
Tens ring 7 



End-of-transfer, 1 -latch (on) Trans scan 

End-of-transfer, 2-latch (on) End-of-transfer, 1-latch (on) 

(not) Trans scan 
Time 090-100 

End-of-transfer, 2-latch (on) 

End -of -trans 



End-of-trans 
Buffer end-of-trans 
E-ch ext end-of-transfer 

E-ch int end-of-transfer 



Logic 
51.32.01 

51.40. 12 
51.40.12 

SI. 40. 12 
51.40. 12 
13.42.11 

13.63.01 



E-ch int end-of-trf delayed 
E-ch status sample B 

E-ch second sample B 
E-ch status sample B delay 
16. Energize the punch clutch. 

Signal 

Correct trans to buffer 



Buffer end of trans 
E-ch select any buffer 
1st clock pulse 

E-ch ext end-of-transfer 
E-ch output mode 
El reg full 
E2 reg full 
2nd clock pulse 

E-ch int end-of-transfer 13. 65. 05 

Logic gate Z 

E-ch int end-of-trf delayed 13. 65. 05 

E-ch ext end-of-transfer 

(not) E-ch status sample 

Logic gate Z, (not) 2nd clock pulse 

E-ch status sample B 13. 65. 05 

(not) 2nd clock pulse 

E-ch second sample B 13. 65. 05 

(not) 2nd clock pulse 



Control Logic 

E-ch status sample B-delay 13. 70. 04 

1401 mode 

E-ch select any buffer 
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Control 

Correct trans to buffer 

Go 

Select unit 4 

Punch feed Proc pch 52. 10. 15 

Pch feed gate 

17. Advance scan ring to the end position. 

Signal Control Logic 

1401 I/O ring advance E-ch status sample B-delayed 13. 70. 01 

1401 I/O end pos 1401 punch trigger 13. 70. 02 

1401 I/O ring advance 

1401 card print-in-proc (off) 1401 I/O ring advance 13. 70. 02 

1401 I/O end 

18. Turn off the unoverlap-in-process latch and bring up the last execute cycle. 

Signal Control Logic 

(not) E-ch unovlp -in -process E-ch status sample B-delay 13.60.04 

Last execute cycle I/O 1401 I/O end 13. 65. 07 

(not) 1401 branch latch 

Last execute cycle Last execute cycle I/O 12. 12.51 

8. 8. 03 Print a Line 



Op- Code Function (2) 



The print Op code causes the 132 (or 100) characters in CPU core storage to trans- 
fer to print storage. After a correct transfer, the printer is signalled to begin 
printing the information just transferred. 

Operation (Figures 8. 8-1 and 8. 8-4) 

No check is made in the 1401 mode for an I/O interlock condition. The status in- 
dicators are reset, and have no effect on the operation. The 1401 print Op code is 
recognized in the same manner as described for read and punch. The E-channel 
and unit 2 are selected. The transfer of data takes place in the unoverlapped mode. 
The address 00201 is developed so that core- storage locations 00201 through 00332 
(or 00300) can read out in sequence to print storage. E-cycles are taken as re- 
quired to keep the El and E2 registers full. The BAR is modified by plus one on 
each E- cycle. Each time E2 if filled, the character is stored in the next sequential 
print storage position. When the print storage is filled, an E-channel External- 
End- of- Transfer signal develops. This results in a Go signal which starts the 
printing operation. It also results in advancing the scan ring to read position to 
test for an Op-register 1 condition. 
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PRINT TRIGGER 
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15.55.0' 
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RESET E2 FULL LATCH 
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PRINT BUFFER 

POSITION 132 

53.23.01 



E 2 REGiSTER 
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51.40.10 



SET EXTERNAL 
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START PRINTING 

OPERATION 
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Figure 8.8-4 IBM 1401 Mode Print Op 
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Circuits 



1. Recognize a card-print operation. 
Signal Control 

1401 card print ops 



(not) Ctrl reg disable 

1401 mode 

Op dcdr not A, not B, not 8 



Logic 
13. 13. 11 



2. Scan for Print, Read, or Punch. 



Signal 

1401 print trigger 



1401 print 



Control 

1401 card print ops 
Last insn RO cycle 
Logic gate F 

1401 print trigger 
Op reg 2-bit 



Logic 
13.70.01 



13.70.03 



The 1401 print-signal blocks the drive signal for the scan ring. Thus, the 
1401 print trigger remains ON until print storage is filled from core storage. 



3. Signal Card Print-in-Process . 

Signal Control 

1401 set cd print-in-proc 



1401 card or print op code 
Last insn RO cycle 
Logic gate E 



1401 card print-in-proc 1401 set cd print-in-proc 

4. Select E-channel and Unit 2. 



Signal 

E-ch select unit 2 
Unit 2, select to I/O 
E-ch select any buffer 
E-ch out mode (trigger) 
E-ch output op to buffer 
E-ch output mode 



Control 

1401 print 

E-ch select unit 2 

E-ch select unit 2 

1401 print trigger 

E-ch out mode 

E-ch out mode 

(not) Control reg disable 



5. Set up the E-channel for processing. 

Signal Control 

Card print reset 



1st I/O cycle control 



1401 print 

2nd clock pulse clamped 

Card print reset 

2nd clock pulse clamped 



Logic 
13.70.01 

13.70.02 

Logic 
13.50.03 
13.50.03 
13.60.03 
15. 62. 01 
15. 62. 01 
15. 62. 01 

Logic 
13.70.03 

13.70.03 
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Signal Control 

E-ch unovlp-in-process 

E-ch in-process 

6. Generate address 00201. 

Signal 

RO 00201 index addr 

RO fixed addr 
ARbus (00201) 



1401 card print-in-process 
1st I/O cycle control 

E-ch unovlp-in-process 



7. Request an E- cycle to fill El. 

Signal 

E-cycle required 



(start logic clock) 



E-cycle Ctrl 



E-cycle 



Control 

E-ch output mode 
(not) E-ch int end-of-transfer 
El reg full latch (off) 
(not) E-cycle any last gate 

E-cycle required 
E-ch unovlp-in-process 

E-cycle required 

2nd-clock pulse 

Logic gate Z 

(not) E-ch int end-of-transfer 

(not) F-cycle required 

E-cycle Ctrl 
Logic gate B or S 



8. Read out the B-address to the B-channel. 



Logic 
13.60.04 

1 3. 60. 04 



Control 


Logic 




1st I/O cycle control 


14.70. 


14 


1401 print trigger 






RO 00201 index addr 


14. 70. 


14 


RO fixed addr and 


14. 15. 


01 


RO 00201 index addr 


to 14. 15. 


12 



Logic 
12.12.62 



11. 10. 10 



12. 12.66 



12.12.66 



Siqnal 






Control 


Logic 


B or E or F- 


-cycle Ctrl 


E-cycle Ctrl 


12. 12.02 


B or E or F- 


-cycle 




B-cycle 


12.12.07 


ROBAR 






E-cycle Ctrl 

E-ch unovlp-in-process 


14.71.31 


Reset BAR 






B or E or F-cycle Ctrl 
LG early B 


14.71.21 


Set BAR 






B or E or F-cycle Ctrl 
Logic gate B or C 


14.71. 11 


Addr mod set to p 


lus-one 


E-cycle Ctrl 


14.71.41 
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9. Gate B- channel character 

Signal 
Output cycle 

E-ch unit number 

Output field cycle 

Use B-ch nu 

E-ch select odd parity unit 
Odd parity cycle 

Use B-ch zones 

Gate asm ch to El input 

10. Set the El data register. 

Signal 
Set El reg 

El reg full 

11. Transfer El to E2. 

Signal 

E-ch move mode 

E-ch reset 

E2 reg full latch (off) 

Set E2 reg 

E2 reg full latch (on) 

El reg full latch (off) 



d El input. 




Control 


Loqic 


E-ch output mode 


13.60.06 


E-cycle 




1401 print trigger 


15.55.04 


(not) Loz symbol op modifier 




E-cycle 


15. 49. 04 


E-ch select unit 2 




E-ch unit number 




Output cycle 


15. 49. 05 


Output field cycle 





E-ch select unit 2 

E-cycle 

E-ch select odd parity unit 

Output-cycle 
Output field cycle 
Odd parity cycle 

E-ch output mode 

(not) Control reg disable 



Control 

1401 card print-in-proc 
(not) E-ch 2nd-addr-trf 

Set El reg 



Control 

1401 card print-in-process 

Card print reset 

E-ch reset 

El reg-full latch(on) 
E2reg-fulllatch(off) 

E-ch output mode 
Set E2 reg 

(not) Set El reg 



13.60.03 
13. 60. 02 

IS. 49. OS 
15. 62. 07 

Logic 
15. 62. 04 

15.41. 10 



Loc 


[ic 




15. 


.62, 


02 


15. 


41. 


12 


15. 


41. 


10 


15. 


62. 


04 


15. 


41. 


10 


15. 


41. 


10 
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When the El reg full latch is turned off, E-cycle required is brought up 
to cause another character to be read out and gated to the El register. 



12. Request a print transfer scan. 



Signal 

Ready to buffer 

Ready 
Read in 

Print transfer 
Trans scan 



Control 

E-ch in-process 

E-ch select any buffer 

E2 rcg full 

Ready to buffer 

Ready 

Ready for CPU transfer 

Read in 
(not) CE mode 
(not) C-bit insert 

Print transfer 



Logic 
13.70.04 

51.40.04 
53.40.01 

53. 11.05 
51.40.40 



13. Write the E2 character into the addressed print-buffer position. 



Signal 

CPU to I/O sync bit 

CPU to I/O bit 

CPU transfer 

Gated CPU input bit 

Print data inpu t b it 
Inhibit gate bit 

Inhibit pulse 1, 2 

bit inh dr 
Write pulse 



Control 

E2 reg bit 

CPU to I/O sync bit 

Print trans 

CPU transfer 
CPU to I/O bit 

Gated CPU inpu t b it 

Print data input bit 

Inhibit pulse 
Read in or scan 
(not) delay 

Inhibit gate bit 

Inhibit pulse 1, 2 

Write pulse from I/O 
Read in or scan 
(not) delay 



Logic 

15.60. 31-34 
51.40. 10 
53. 11.05 
53. 11.01 

53. 11.03 
53. 10.05 
53. 45. 01 

53. 10. 06 

53. 45. 01 



14. Sent the strobe pulse to the CPU to reset the E2 full latch. 

Signal Control Logic 

Trans scan Print trans 51. 40. 40 

Strobe latch Trans scan 51.40.43 

Time 020-030 
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Signal 

CPU to I/O trans 

Buffer strobe 

Reset E2 full latch 

E2 reg full latch (off) 
E-ch strobe trigger (off) 

15. After 132 memory cycles, 

Signal 

Turn off rings latch (on) 

Gate on home trigger 

Threes-ring advance 
Read in (off) 
Home trigger 

16. Signal the external end-of- 
B-pulse. 

Signal 

End -of -transfer 1 latch 
(not) Print trans 
(not) Trans scan 
End-of -transfer 2 latch 

Buffer end-of -transfer 
E-ch ext end -of -transfer 



Control Logic 

Print trans 51. 40. 40 

Strobe latch 51.40.43 

CPU to I/O trans 
Time 100-000 

E2 reg full 15. 62. 05 

E-ch strobe trigger 
E-ch output mode 

Reset E2 full latch 15. 41. 10 

Reset E2 full latch 15. 62. 03 

E-ch output mode 

turn on the home trigger. 

Control Logic 

Read in 53. 23. 01 

Turn off rings latch (on) 53. 23. 01 

Threes-ring 3 
Fives -ring 5 
Tens -ring 3 

Read in 53. 23. 02 

Ring advance (time 010-020) 

Gate on home trigger 53. 40. 01 

Ring advance (time 010-020) 

Threes-ring advance 53. 22. 01 

Gate on home trigger 

transfer, and develop the E-ch status sample 



Control 

Trans scan 

Read in (off) 

(not) Print trans 

End-of-transfer 1 
(not) Trans scan 
Time 090-100 

End-of-transfer 2 

Buffer end-of-transfer 
E-ch select any buffer 
1st clock pulse 



Logic 
51.40. 12 
53.11.05 
51.40.40 
51. 40. 12 

51.40.12 
13.42.11 
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Signal 


Control 


Logic 




E-ch int end-of -transfer 


E-ch ext end-of-transfcr 
E-ch output mode 
El reg full 
E2 reg full 


13.63. 


01 


E-ch int end-of-trf delayed 


E-ch int end-of-transfcr 
Logic gate Z 


13.65. 


05 


E-ch status sample B 


E-ch int end-of-trf delayed 
(not) 2nd clock pulse 
E-ch ext end-of -transfer 
Logic gate Z 


13.65. 


05 


E-ch second sample B 


E-ch status sample B 


13.65. 


,05 


E-ch status sample B-delav 


(not) 2nd clock pulse 


13.65, 


.05 



E-ch second sample B 
(not) 2nd clock pulse 



17. Start the printing operation. 

Signal 

Correct transfer to buffer 



Logic 
13.70.04 

51.40.04 
53.40.01 



Control 

E-ch status sample B-delay 
1401 mode 
E-ch select any buffer 

Go Correct transfer to buffer 

Scan call Go 

Ready for print or forms 
Select unit 2 
(not) Scan call 

18. Set last execute cycle. The E-channel status -sample B-delayed signal ad- 
vances the scan ring through the read and punch positions to turn ON 1401 
I/O end. 



Signal 

E-ch unovlp-in-process (off) 

Last execute cycle I/O 



Control 


Logic 


E-ch status sample B-delay 


13. 60. 04 


1401 I/O end 


13.65.07 


(not) 1401 branch latch 




Last execute cycle I/O 


12. 12.51 



Last execute cycle 

8. 8. 04 Write Word Marks 

Op-Code Function (2 n ) 

The word marks in the print area of core storage print as l's in the corresponding 
print positions. The lozenge symbol Op modifier translates the word marks to l's 
and suppresses the printing of all zone, WM or numerical characters (except l's 
for word marks). 
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Operation (Figures 8. 8-1 and 8. 8-4) 

This Op code functions in the same manner as the write-a-line Op code. B-channel 
characters are gated through assembly and are analyzed for WM's. A 1-bit is in- 
serted on the assembly channel each time a WM is sensed. All characters without 
word marks are converted to valid blanks (C-bit only). 

Circuits 

1. Develop an output WM cycle. 

Signal Control Logic 

loz symbol op modifier Op mod re g C-bit 13.21.21 

4,not 2,not 1, op mod 
B A 8 op mod 

E-ch unit number 1 Loz symbol op mod IS. SS. 04 

1401 print trigger 

Output WM cycle E-ch select unit 2 15. 49. 02 

E -cycle 
E-ch unit number 1 



2. Insert one bit for each character containing a word mark. 

Signal Control Logic 

Assembly ch nu one insert Output WM cycle IS. 49. 06 

B-ch WM bit 
Output cycle 

3. Insert a C-bit for each character containing no word mark. 

Signal Control Logic 

Use no numerics Output WM cycle 15. 49. 01 

B-ch not WM bit 
Output cycle 

Use no zones Output WM cycle 15. 49. 01 

Output cycle 

Use no WM Output cycle 15. 49. 01 

Move cycle 



Use No Numerics and Use No Zones combine with B-Ch Not WM Bit to prodi 
a C-bit. "" 
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Op Code 


Op Req Bits 


3 


12 


S 


14 


6 


24 


7 


124 



8. 8. 05 Combination Card-Print Instructions 
Op- Code Function 

Two or three I/O Op code functions can be combined into one instruction. In any 
case, the printer takes priority over the reader, and the reader over the punch. 
The combination Op codes are as follows: 

Combination Op Codes 
Write and read 
Read and punch 
Write and punch 
Write, read, and punch 



Operation (Figures 8. 8-1, 8.8-2, 8.8-3, and 8. 8-4) 

In each of the cases, the transfer between CPU core storage and the I/O storage 
unit takes place in the priority order print, read, punch. As soon as one transfer 
is complete, the corresponding unit is set in motion, and a test is made of the Op 
register bits to determine whether the next operation in priority order is to be 
performed. When a transfer-to-print-storage is complete, a test is made of the 
Op register 1-bit line (read). If it is up, a transfer of read storage to CPU core 
storage is made. If the Op register 1 line is down, an immediate test is made of 
the Op register 4-line to determine whether a punch operation should take place. 
If no Op register 4-bit exists, an I/O end signal results. This in turn causes a last 
execute cycle. The testing of the Op register bit output is made by the 4-position, 
1401 I/O scan ring. This scans each Op register bit in turn to determine which 
operations should take place. The positions of the ring test the Op register outputs 
as follows: 

Position Name of Trigger Op Reg Bit Tested logic 

1 Print trigger 2 13.70.01 

2 Read trigger 1 13. 70. 01 

3 Punch trigger 4 13.70.02 

4 1401 I/O end - 13.70.02 



The ring advances by a clock pulse, if the Op register bit line tested is not up. 
E-Ch Status Sample B Delayed advances the ring at the end of the data transfer, 
if the Op register bit line tested is on. 

8. 8. 06 Select Stacker 

Op- Code Function 

This instruction selects the card that was just read or punched into the stacker 
pocket specified by the Op modifier. 
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d-Character 


Feed 


Stacker 


1 


Read 


1 


2 


Read 


8/2 


4 


Punch 


4 


8 


Punch 


8/2 



Operation (Figure 8. 8-5) 

The select stacker Op code switches the Op-modifier character to the A-data regis- 
ter during the I-cycle in which it appears on the B-channel. The A-data register 
contents then transfer via El and E2 to the CPU to I/O bit lines. The forms stacker 
Go signal develops and is switched with stacker select to develop a signal that sam- 
ples the CPU-to-I/O bit lines (Op modifier contents) to turn on either the read- 
stacker- select or the punch- stacker -select latches. Actual selection of the card 
in the punch feed does not occur until the punch busy goes OFF after the previous 
punching operation. 

Circuits 



Op -code grouping lines are: 



1401 no exe cy branch ops 

2- char only op codes 

Op mod to A-ch on B-cycle ops 

Regen mem on B-cycle ops 

No branch 



1. Develop the stacker select signals 

Signal 

1401 stacker select op code 

Stacker sel op code 
Stacker select to buffer 



Control 


Logic 


Op reg 1401 C-bit 


13. 13. 11 


Op dcdr B, not A, not 8 




Op dcdr 2, not 4, not 1 




1401 stacker sel op code 


13. 13.08 


Stacker sel op code 


13.70.04 



2. Reset the status indicators 
Signal 
For K E-ch reset 



E-ch reset 

This causes the reset of: 



Control 

2-char-only op codes 
Logic gate C 

I-ring 1 

For K E-ch reset 



Logic 
15. 41. 12 

15. 41. 12 
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f Kd OP CODE J 







SET K IN OP REG 
13.10.01-03 






RESET E CHANNEL 

CONTROL 

& INDICATOR LATCHES 

15.41.12 






SELECT I/O UNIT 1 
13.50.03 






SET OP MODIFIER 

CHARACTER IN 

A DATA REGISTER 

15.39.01-08 






GATE A CHANNEL 

CHARACTER (OP MOD ) 

TO E2 REGISTER 






ENERGIZE STACKER 
SELECT LATCH 






SIGNAL LAST 
EXECUTE CYCLE 



Figure 8.8-5 IBM 1401 Mode Stacker Select Op 
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Signal Control Logic 

E-ch data check 12. 62. 04 

E-ch not ready 12.62.01 

E-ch condition 12. 62. 04 

E-ch busy 12. 62. 02 

E-ch no transfer latch 13.72.04 

E-ch wrong-length record 13.63.03 

E-ch correct-length record 13. 63. 03 

3. Set the Op modifier character in the A-data register. 

Signal Control Logic 

Sw B-ch to A-reg I-cycle IS. 38. 01 

Logic gate D 
2nd clock pulse 

4. Gate the A-channel character (Op modifier) to the E2 register. 

Signal Control Logic 

A-ch bit Sw B-ch to A-reg 15. 39. 01-08 

Use A-ch nu I-cycle 15. 49. 03 

Use A-ch zone I-cycle 15. 49. 03 

Asm ch bit Use A-ch nu 15. 40. 01-10 

Gate asm ch to El I-cycle and not CR disable 15. 62. 07 

Set El reg 2-char only op code 15. 62. 04 

A-ch not WM bit 
I-cycle 

Copy El BCD to E2 (not) El reg word separator 15. 62. 06 

Set E2 reg El reg full 15. 62. 04 

(not) E2 reg full 

E-ch bit Set E2 reg 15. 60. 31-34 



5. Select the stacker magnet according to the E-channel (Op modifier) character. 
Signal Control Logic 

Forms stacker go 2-char only op codes 13. 70. 04 

Last insn RO cycle 
(not) E-ch not ready 
(not) E-ch busy 
(not) E-ch no transfer latch 
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Signal 

Stacker select 
Rd stk sel and 
Pch stk sel 

Rd stk one (or two) latch 

Stack four (or eight) 



Control 


Logic 


Stack select to buffer 


51.40.01 


1401 mode 


51.40.50 


Stacker select 




Forms stacker go 




Rd stk sel 


52. 13.02 


CPU to I/O bit 1 (or 2) 




Pch stk sel 


52. 13.01 


CPU to I/Obit 4 (or 8) 





The AC set for the stack 4 or 8 RD unit occurs when the select unit 4-line 
is up and punch busy goes OFF. This assures that the card is punched and 
ready for selection into the stacker pocket when the select magnet is energized. 

6. Signal the last execute cycle. 



Signal 


Control 


Logic 


Last execute cycle I/O 


2-char only op codes 
1401 mode 

(not) 1401 branch latch 
Last insn RO cycle 
E-ch any status(on) 


13.65.07 



8. 8. 07 Carriage Control 

Op-Code and Op- Mod Functions 

The F-Op code sends the Op-modifier character to the carriage circuitry to control 
forms skipping and spacing. The Op-modifier character causes the tape-controlled 
carriage to take a single, double, or triple space; or to skip to the next hole in the 
designated tape channel. 

Operation (Figure 8. 8-6) 

The forms control operation transfers the Op-modifier character to the A-data 
register during the I-cycle in which it appears on the B-channel. The A-data regis- 
ter contents then switch via El and EZ to the CPU I/O bit lines. The forms -stacker 
go signal then develops, and is switched with forms control to develop a CCC regis- 
ter gate signal that samples the CPU to I/O bit lines to set the CCC register. 

Circuits 



Op-code grouping lines are: 
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2-char only op codes 
1401 no exe cy branch ops 
Op-mod to A-ch on B-cy ops 
Regen mem on B-cy op codes 



SETF IN OF REG 
13.10.01-03 



RESET STATUS 
INDICATORS 



SET OP MOD CHARACTER 

IN A DATA REGISTER 

15.39.01-08 



GATE OP MOD 

CHARACTER FROM 

A REG TO E CHANNEL 



SPACE KEY 
53.50.02 



RESTORE KEY 
53.50.02 



SET MANUAL CCC 
REGISTER 
53.50.02 



FORMS NOT READY 
OR FORMS BUSY STATUS 

53.50.01 



GATE E CHANNEL CHAR 

TO CCC REGISTER 

53.50.01 



CARRIAGE 

IM MEDIATE / OPERATION IMMEDIATE N AFTER 
OR AFTER PRINT 
53.54.01 



PRINTING 

IN PROCESS 
53.51.06 



IS PRINT LINE 
COMPLETE 
53.51.06 



SPACE / 

/ SKIP 
53.54.01 



SINGLE SPACE 

53.55.01 



DOUBLE / 

/ TRIPLE 
53.55.01 



IMPULSE TRIPLE SPACE 
SINGLE SHOT 

53.55.01 



IMPULSE DOUBLE SPACE 

SINGLE SHOT 

53.55.01 



IMPULSE SINGLE SPACE 

SINGLE SHOT 

53.55.01 



8 SPACES OR 
MORE TO GO 

53.53.01-02 



ENERGIZE SLOW START 
MAGNET 
53.55.02 



CARRIAGE MOVES 



ass/ space /sk,p 

53.54.01 



NO / SINGLE SHOT \ YES YES 

TIMED OUT 



CONTINUE SPACE 
OPERATION 



c 



CARRIAGE STOPS 



CONTINUE SKIPPING 



ENERGIZE FAST 

START MAGNET 

53.55.02 



NO / SEVEN SPACES \ Y ES 

OR LESS TO GO 

53.53.01-02 



CONTINUE 
HIGH SPEED SKIP 



( STOP KEY J ( 



J> 



ENERGIZE SLOW 

STOP MAGNET 

53.55.02 



FORMS STOP 

CONDITION 

53.42.02 



ENERGIZE SLOW 4 
FAST STOP MAGNETS 



CARRIAGE 
SLOWS DOWN 



ENERGIZE FAST 

STOP MAGNET 

53.55.02 



Figure 8.8-6 IBM 1401 Mode Carriage Control Op 
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1. Set up controls for forms Op. 



Control 

Op dcdr B • A, not 8 

Op dcdr 42 not 1 
Op reg 1401 C-bit 

1401 forms Ctrl op code 

Forms Ctrl op code 

Forms Ctrl to buffer 



Signal 

1401 forms Ctrl 

Op code 

Forms Ctrl op code 
Forms Ctrl to buffer 
Forms control 

2. Reset the status indicators. 

Signal Control 

For K E-ch reset 2-char only op codes 

Logic gate C 
I -ring 1 

E-ch reset For K E-ch reset 

This causes the reset of: 

C-ch data check 

E-ch not ready 

C-ch condition 

E-ch busy 

E-ch no transfer latch 

C-ch wrong-length record 

E-ch correct-length record 

3. Set the Op modifier character in the A-data register. 

Signal Control 

Sw B-ch to A-reg I-cycle 

Logic gate D 
2nd clock pulse 

4. Gate the A-channel character (Op modifier) to E2 reg 



Logic 
13. 13. 11 



Signal 

A-ch bit 

Use A-ch nu 
Use A-ch zone 

Asm ch bit 

Gate asm ch to El 



Control 

Sw B-ch to A-reg 

I-cycle 

I-cycle 

(not) 1401 and I-ring 
5 or 10 time 

Use A-ch nu 
Use A-ch zones 

I-cycle and not CR disable 



13. 13.08 
13.70.04 
53.50.04 

Logic 
15. 41. 12 

15.41. 12 

1 2. 62. 04 
12. 62. 01 
12.62.04 
12.62.02 
13.72.04 
13.63.03 
13.63.03 

Logic 
15. 38. 01 

ister. 
Logic 

15. 39.01-08 
15.49.03 
15. 49. 03 

15.50.01-10 
15. 62. 07 
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Signal 
Set El reg 

Copy El BCD to E2 
Set E2 reg 

E-ch bit 



Control Logic 

2-char only op code 15. 62. 04 

A-ch not WM bit 

I-cycle 

(not) El reg word separator 15. 62. 06 

El reg full 15. 62. 04 

(not) E2 reg full 

Set E2 reg 15.60.31-34 



5. Gate the E2 register to the carriage-control character register. 



Signal 


Control 


Loqic 


Forms stacker go 


2-char only op codes 

Last insn RO cycle 

(not) E-ch not ready 

(not) E-ch busy 

(not) E-ch no transfer latch 


13.70.04 


Forms and stacker go 


Forms stacker go 


51.40.50 


CCC reg gate 


Ready for print or forms 


53.50.03 



CPU to I/O bit 

CCC reg bit 



Forms control 

(not) Forms busy status 

E2 reg bit 

CCC reg gate 
CPU to I bit 



15.60.31-34 
53.50.01-02 



6. Reset the CCC register. The CCC register resets in the usual manner, when 
the SS unit (53. 55. 03) times out at the end of carriage movement. The reset of 
the CCC register prevents repetition of the same operation. 

The CCC register also resets at the beginning of each forms -control opera- 
tion. The reset latch (53. 50. 03) controls the timing of this reset to occur be- 
tween the time the forms -control line comes ON and the time the forms and 
stacker-go line comes ON. This reset allows the programmer to change the 
CCC register contents when a space-after-print or a skip- after -print has pre- 
viously been set up. This change in the CCC register would occur while print- 
ing is taking place. 

7. Develop magnet impulses for spacing and skipping. This occurs in the same 
manner as described in the section entitled 4. 4. 02 Forms Control Op Code. 
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Signal the last execute cycle. 

Signal 

Last execute cycle I/O 



Control 


Logic 


2-char only op codes 


13.65.07 


1401 mode 




(not) 1401 branch latch 




Last insn RO cycle 




E-ch any status (on) 





8. 8. 08 Card-Print-Branch Instructions 



Op- Code Function 



Any of the following 1401 input-output Op codes cause a branch to the I-address 
(read into the 1410 AAR) after the input or output data transfers. 

Op Mod 



1401 I/O Op Codes 


Op_ 


I-Addr 


Read and branch 


1 


XXX 


Punch and branch 


4 


XXX 


Write and branch 


2 


XXX 


Write WM and branch 


2 


XXX 


Read, punch, and branch 


5 


XXX 


Write, punch, and branch 


6 


XXX 


Write, read, punch, and branch 


7 


XXX 



Loz 



Operation 

Whenever the I-ring runs through 8-time, as it does with all of the codes in the 
preceding paragraph, the 1401 branch latch turns on. The operation then continues 
in the normal manner. The 1401 branch latch prevents the usual last-execute 
cycle, when 1401 I/O end comes ON. Instead, the 1401 branch latch switches with 
1401 I/O end to cause a B-cycle. During this B-cycle the IAR (contains 
the address of the next instruction in sequence) reads out, is modified by zero, 
and returns to the BAR. The programmer can use the next following instruction to 
store the BAR, if it is needed later in the program. A last-execute cycle now 
occurs, and the next instruction is taken from the address in the AAR. 

Circuits 

1. Recognize the input-output branch Op. 

Signal Control Logic 

1401 I -ring -8 branch ops 1401 card or print ops 13.13.11 
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Signal 

1401 branch latch 



Control 

1401 I-ring-8 branch ops 

I-ring-8 

Last logic gate 



Logic 
12.60. 19 



2. Prevent normal last-execute cycle I/O. The 1401 branch latch (13. 65. 07) pre- 
vents the usual last-execute cycle I/O, when 1401 I/O end comes ON. 

3. Transfer IAR to BAR after I/O transfers are complete. 



Signal 

1401 I/O set branch ends 



Control 

1401 I/O end 

1401 branch latch 



B-cycle Ctrl 1401 I/O set branch ends 

This causes a B-cycle in 
which Set BAR takes place. 

No scan Ctrl 1401 I/O set branch ends 

This causes Modify by Zero . 

RO IAR No scan Ctrl 

The IAR reads out to be B-cycle Ctrl LG spec A 

modified by zero, and then 
returns to the BAR. 



Logic 
13.70.02 

12. 12. 21 

12.30.03 
14. 71. 34 



4. Signal last execute cycle. 

Signal 

Last-execute cycle br ends 

Last-execute cycle 



Control 

No scan 
B-cycle 

Last- execute cycle br ends 



Logic 



12.60.08 



12.12.51 



5. RO AAR on 1st I-cycle. 

Signal 
ROAAR 



Control 

1401 branch latch 
1401 mode 
I-cycle Ctrl 
I -ring Ctrl 



Logic 
14. 71. 30 



8. 8. 09 Stacker Select or Control Carriage and Branch 

Op- Code Function 

The stacker select and branch or control carriage and branch instructions operate 



407 



in the same manner as control carriage or select stacker except that the next in- 
struction is taken from the specified I-address. The instruction format is either 
K (XXX) d, or F (XXX) d. 

Operation 

If the I-ring goes to 19 (as it does when a modifier is included), the 1401 branch 
latch sets. At the same time, a 1401 take -I-to-B-cycle is forced. This causes 
an immediate B-cycle with no scan, during which the last instruction address that 
was used transfers from IAR to BAR for possible future use by the programmer. 
A last-execute cycle is forced during the B-cycle. During the resulting I-cycle, 
the 1401 branch latch causes the AAR contents to be placed in STAR. Both stack 
select and carriage control operations occur as described in previous sections. 

Circuits 

Refer to previous sections for the basic circuits for either Op code. The following 
additional circuits are developed to cause the branch to the I-address (read into the 
1410 AAR). 

1. Recognize the stacker select or control carriage and branch operation. 

Signal Control Logic 

1401 I-ring-9 branch ops 1401 stacker select op code 13. 13. 11 



1401 branch latch 



1401 stacker select op code 
or 1401 forms Ctrl 

1401 I-ring-9 branch ops 
I-ring-9 time 
Last logic gate 



1 2. 60. 19 



2. Transfer IAR to BAR. 

Signal 

1401 take I to B-cycle 

Set B-cycle Ctrl br ops 
Set B-cycle Ctrl 
B-cycle Ctrl latch 

Set no scan Ctrl 
ROIAR 



Control 


Logic 




1401 no exe cy branch ops 


12. 60. 


19 


1401 I-ring-9 branch ops 






I-ring-9 






Last insn RO cycle 






1401 take I to B-cycle 


12.60. 


04 


Set B-cycle Ctrl br ops 


12. 12. 


44 


Set B-cycle Ctrl 


12. 12. 


21 


Last logic gate 






1401 take I to B-cycle 


12. 30. 


OS 


No scan Ctrl 


14.71. 


34 



B-cycle Ctrl 

Logic gate special A 
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The IAR reads out to be modified by zero and then returns to the BAR during 
the B-cycle so that it can later be stored by the programmer, if required. 



3. Signal last-execute cycle. 
Signal 
Last-execute cycle br ends 

Last -execute cycle 



Control 

No scan 
B-cycle 

Last -execute cycle br ends 



Logic 
1 2. 60. 08 

12. 12.51 



4. RO AAR on 1st I-cycle. 

Signal 
ROAAR 



Control 

1401 branch latch 
1401 mode 
I-cycle Ctrl 
I -ring Ctrl 



Logic 
14.71. 30 



8. 8. 10 Start Read Feed and Start Punch Feed 

Op- Code Function (8, 9) 

Both of these Op-codes are used on the 1401 to avoid interlock time. This pro- 
vides more program time. Because the 1410 last-execute cycle occurs as soon as 
the I/O storage unit fills, no interlock time is involved. Thus, neither of these 
codes has any function on the 1410, and they are handled the same as a No Op. 

Operation 

Logic 13. 13. 11 indicates the manner that codes 8 and 9 develop to cause a No Op 
signal. See the section entitled, 8. 7. 04 No Operation (N) , for a description of 
the No Op function. 

8. 8. 11 1401 I/O Error Conditions 

1401 Read Error 

A buffer error signal turns on the 1401 read error latch. The latch output can then 
be tested by the 1401 condition test Op code to cause a branch to a halt instruction, 
if desired. 

Circuits 



Signal 

E-ch check bus 



Control 

Buffer error 

E-ch sel any buffer 



Logic 
12.62.02 
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Signal 

1401 Read error 



Control 

E-ch check bus 
1401 Read trigger 
E-ch status sample B 



Logic 

13.65.01 



1401 Punch Error 

Either a buffer-error or buffer -condition signal turns on the 1401 punch error 
latch at the end of the transfer to the buffer. The latch output can be tested by the 
programmer by a 1401 condition test operation to halt a branch instruction, if 
desired. 



Circuits 



Signal 

E-ch check bus 

E-ch condition bus 

E-ch check or condition 

1401 Punch error 



Control 

Buffer error 

E-ch sel any buffer 

Buffer condition 
E-ch sel any buffer 

E-ch check bus or 
E-ch condition bus 

E-ch check or condition 
E-ch status sample B 
1401 Punch trigger 



Logic 
12.62.03 

12.62.03 

12.62.03 

13.65.01 



1401 Print Error 

The 1401 print error latch is turned on at the end of the buffer transfer by either 
a buffer-error or buffer- condition signal. The programmer can then use a 1401 
condition-test operation to branch to a halt instruction. 

Circuits 



Signal 


Control 


Logic 


E-ch check or condition 


E-ch check bus or 
E-ch condition bus 


12.62.03 


1401 Print error 


E-ch check or condition 
E-ch status sample B 
1401 print trigger 


13.65.01 



1401 Inquiry Error 

Any of the following errors during the console read or write operations turn on the 
1401 inquiry error latch (13. 65. 08). 
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1. Invalid A-ch on a console read Op. 

2. Console data check on a console write Op. 

3. EZ register full (last character) when E-ch status sample B comes on. 

The programmer can use this 1401 condition test Op to branch to an error 
routine or to halt instruction. 



I 



/O Check Stop M />"'-'' '"' 

The CE switch I/O check stop can be turned on to stop the machine at the last- 
execute cycle time, after a 1401 read, punch or print error. 

Circuits 



Signal 

1401 I/O error 

Stop latch 



Control 

1401 Read error or 
1401 Punch error or 
1401 Print error 

1401 I/O error 
I/O chk st(on) 
1401 mode 
Last -execute cycle 



Logic 
13.65.01 

12. 12.04 



1401 I/O Check Reset Switch 

This switch prevents errors from setting the 1401 read, punch or print error 
latches (13. 65. 01). 
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Figure 9.1-1 IBM 1411 CE Panel 
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9.0.00 SYSTEM CE CONTROLS 

9. 1. 00 IBM 1411 CE CONSOLE (Figure 9. 1-1) 
9. 1. 01 Address Display 

Manual controls on the CE console display the addresses in the registers for 
checking purposes. A rotary switch selects the particular register for display. 
After the switch setting selects the register, pressing the address -display switch 
on the CE console starts the move and display operation. The selected-address 
register is gated out to the address bus and set into the STAR, where the latch out- 
puts turn on the indicator. 

Another control impulse, which the address- display switch initiates, inhibits 
the other registers that are not selected by the rotary address-selector switch. 

9. 1. 02 B-Character-Select Switch 

The B-character-select switch permits gating out any one of the 4 positions of the 
B-data register to the B-channel indicator for visual checking. The switch must 
be reset to normal position (1) for normal operation or a B-character-select error 
occurs (15. 30. 01). 

9. 1.03 Portable Controls 



The portable controls plug into the six-position pin jack on the CE panel to provide 
a portable control for cycling the 1411 CPU. 

This control permits single-cycle operation to be executed for CE checking 
purposes. 

Start 

The start key operation is normal. 

Stop 

The portable stop key parallels the console stop key in function. 
Reset 

The reset key is on the portable control unit. The control that this key initiates is 
parallel to the console computer-reset function. 

9. 1. 04 Address Stop and Scope Sync (Figure 9. 1-2) 

The storage-address stop switch and sync-control rotary switches provide manual 
control for selecting a particular address location to initiate a stop or a scope sync 
signal. 
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Figure 9. 1-2 Address Stop or Scope' Sync 
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A toggle switch controls the address stop for ON or OFF operation. The sync 
hub is effective at all times. 

The address-selection switches are effective through the four low-order posi- 
tions of the storage address register. The stop, or scope signal, can be further 
conditioned by a scan-gate switch for the scan mode desired (logic 14. 17. 17-19). 

9. 2. 00 IBM 1414 I/O SYNCHRONIZER CE PANEL 

The I/O synchronizer CE panel gives the customer engineer full control of the in- 
tegrated synchronizer and print storage. The panel allows him to remove various 
I/O units from CPU control so that he can test and service these units off line. 
Flexibility in the controls allows many diagnostic procedures to be set up as aids 
in trouble analysis. 

9. 2. 01 Switches, Keys, and Lights (Figure 9- 2-1) 

The diagnostic panel for the I/O synchronizer consists of two functional areas: an 
indicator panel a nd a switch panel . The first is made up of various lights that 
identify each character by bit structure, buffer address, and I/O machine. Error 
conditions are indicated. The second area contains the controlling switches and 
keys for the synchronizer. 

Indicator Panel 

Integrated Buffer. The lights in this group indicate which machine that is asso- 
ciated with the integrated buffer is in operation (logic 51. 45. 04). 

Buffer Addr. These lights show the address of each character as it is scanned by 
the integrated buffer. In addition, a light indicates an end-of-scan condition 
(logic 51. 45. 01). 

Buffer Reg. The bit structure of each character is displayed as it appears in the 
buffer register. Hole-count check-core status is indicated along with hole- 
count and parity errors (check search light). Lights also show ring-check and 
clock-check conditions (logic 51. 45. 02, 51. 45. 03). 

Print Address. These lights give the print-buffer address of each character as it 
is scanned out to the printer. The buffer ring home position (home) is also 
shown (logic 51. 45. 05). 

Print Buffer. This light shows that the print buffer is in operation (51. 45. 06). 

Print Reg. The bit structure of each character, as well as conditions necessary 
for printing each character, is shown in logic 51. 45. 06. 

Switch Panel 

Buffer Control. Three keys provide start, stop and reset functions. The start 
key begins an operation when the normal synchronizer operation is modified 
by one of the diagnostic panel switches. Under normal operation, the 1411 
CPU controls the entire system. Pressing the reset key resets some of 
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Figure 9.2-1 Input-Output Synchronizer CE Panel 
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the error detection circuits. Pressing the stop key stops the synchronizer 
after the operation in process ends. 

Power Control. When the machine operates off line, two keys (labelled ON and 
OFF) control power to the synchronizer. When the machine operates on line, 
the IBM 1415 Console controls the power. 

Check Stop. The check stop switch, when ON, stops the synchronizer after an 
operation during which an error was detected. With this switch OFF, the op- 
eration continues after an error. 

Op Control. The operation control switch either operates the synchronizer in the 
mode indicated by the setting of the other switches, or performs a single opera- 
tion each time the start key is pressed. The single operation can be a single 
scan, single card, single-print line, etc. , as controlled by the control switch 
settings. 

Space. This switch causes either single or double carriage spacing in the printer 
when it operates off line. 

Off- Line Mode. The off-line mode switch selects the type of off-line operation to 
perform. This switch allows one or two units to be removed from the line 
without tying up the entire synchronizer. It is set to the normal position when 
all units are operating on line. Rd-Prt {reader-to-printer), or Rd-Pch (reader - 
to punch) operations can be selected. The selected-buffer position allows selection 
of an individual buffer under control of the buffer-select switch. Only the selected 
buffer is removed from the line. The integrated-buffer and print-buffer positions 
remove the indicated units from the line for servicing. 

Off Line. The off-line key removes the area selected by the off-line mode switch 
from CPU control. Pressing this key also activates the power- control on and 
off keys. 

Bit Entry. These seven switches (C, B, A, 8, 4, 2, 1) are used to enter any char- 
acter into any buffer position. They are active when in the selected-buffer, 
print-buffer, or integrated-buffer off-line modes. 

Buffer Mode. This switch allows three types of operations when the machine is in 
the integrated-buffer or print-buffer off-line mode: load (to enter bit data from 
the bit switches), check search (to locate errors), and regen to regenerate the 
same data back into the buffer from which it came). 

Buffer Select. The buffer-select switch, in conjunction with the selected-buffer 
setting of the off-line mode switch, selects a particular buffer to operate off 

line. 

Integrated Buffer Sync. These switches develop a sync signal corresponding to the 
integrated buffer address. The sync signal is available at the sync hubs. 
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.'BD-PCH OFF LINE MODE 
51.45.11 

_:: rzr\. 

CE RD TRANS GATE 
52.10.08 



iPCH NOT READY TO CPU 
57 . 1 i .01 

: TZ== 

RD NOT READY TO CPU 

52.ll.Ct i 



~L_ 



NO / STOP LATCH ON 
51.50.03 



YES / CHK. STOP SW ON ■ NO 
j \ 51.45.09 / " 



READ OR PUNCH ERROR > 



STOP-DO NOT 

TRANSFER RD TO PCH 

51.50.03 



/If THE SINGLE OP SW IS OFF, THE OPERATION ^^ 
/ CONTINUES UNTIL AN ERROR IS DETECTED \ 

I OR UNTIL EITHER MACHINE BECOMES NOT READY j 
V( OUT OF CARDS, STACKER FULL, ETC). J 



GATE OFF 

PCH PRIORITY REQ 

52.10.01 



GATE OFF RD' 

PRIORITY REQ 

52.10.01 



GATE OFF PCH 
SCAN TRIG 



TURN OFF PCH 

TRANS REQ TRIG 

52.10.15 



NO^iam m SINGLE SHp A YES 

TIMED OUT / 



ENERGIZE 1401 

RD SINGLE SHOT 

52.10.08 



ENERGIZE RD CLUTCH 
52.10.09 



READ NEXT CARD INTO 
RD BUFFER 



RESET 1401 RD LATCH 
52.10.08 



J STOP LAKH IS ON AT THE 
\ BFGlNNING OF THE 0P£RAT|O 



PRESS START KEY 
51.45.13 

T 

SET START LATCH 
51.50.03 

I 

RESET STOP LATCH 
51.50.03 



CEGO 
51.50.03 



n in SINGLE OPPOS )— 
\ 51.45.09 / 



GATE ON RD SCAN 
51.50.02 



ADVANCE BUFFER RINGS 



RESET DATA REGISTER 



GATE ON PCH SCAN 
51.50.02 



GATE OFF RD SCAN 

51 ..50,0? 



YES / BOTH RING POSITION \ NO 

\ 51 .50 ,Q 1 / 



SET STOP LATCH 

51.50.03 



SET RD TRANS REQ TRIG 
52.10.09 



ISET PCH TRANS REQ TRIG 
i 52.10.15 



PCH FEED GATE 
52.10.14 



ENERGIZE PCH CLUTCH 
52.10.15 



SET RD PRIORITY 
REQ TRIG 
52.10.01 



SET PCH PRIORITY 
REQ TRIG 
52.10.01 



PRIORITY SATISFIED 
52.10.01 



Figure 9,2-2 Card Reader ro Punch Off-Line Mode 
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Print Buffer Sync. These switches develop a sync signal corresponding to the 
print-buffer address. 

Sync. These hubs emit pulses to synchronize an oscilloscope during servicing. 
The sync switches define the pulses. 

Remote Box Receptacle. When the remote box is plugged into the receptacle that 
is provided.it gives the customer engineer remote start, stop and reset func- 
tions. 

MC-A, MC-C. These hubs provide marginal checking of frames 1414A and 1414C. 

9. 2. 02 Read-to-Punch Off- Line Mode 

Function 

The read-punch off-line mode duplicates card for each card that feeds through the 
read feed. 



The 1402 read-feed reads each card and places the information in the read 
buffer. From the read buffer, the record transfers to the punch buffer. After the 
transfer is complete, the 1402 punch feed punches a new card with the information 
just transferred to the punch buffer. 

Operation (Figure 9. 2-2) 

To perform this operation, cards must be run into both read and punch feeds. This 
run-in causes the first card that feeds into the read feed to load into the read buffer 
and to establish the interlocks for both machines. After the run-in, the operation 
is set up as follows: 



Switch 
Off line 

Off-lire mode 



Setting 
On 

Rd-pch 



Notes 



Removes the reader and the punch from 
CPU control. 



Check stop 



On 



Stops the operation after the card in which 

an error occurs. 



Op control 



Carriage 

Buffer mode 
Single cycle 
Buffer select 
Bit switches 



Off Allows errors to be ignored. 

Single op Stops the operation after each card feed. 

Ctin op The operation continues until either 

machine becomes not-ready. 

No effect. 

No effect. 
No effect. 
No effect. 
No effect. 
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CEBD TRANS GATE I 
52.10.08 



RD NOT >EADY TO CPU 



PRINT NOT 

KEADY TO CPU 

53.45.02 



NO / STOP LATCH ON \ *~ES ^_ 

\ 31.50.03 > I 



j STOP LATCH IS ON 

-i AT THE BEGINNING 

\ OF THE OPERATION 



YES/ CHECK STOP SW ON \ N Q 

51.45.09 / 



BEAD OR PRINT ERROR > 



SET START LATCH 



/ OP CTRL SW IN \ 

SINGLE OP POSITION ) 

\ 51.45.09 / 



IF THE SINGLE OP AND CHECK STOP SWITCHES 
ARE OFF, THE OPERATION CONTINUES UNTIL 
EITHER MACHINE BECOMES NOT READY (PRINTER 
OUT OF FORMS, READER OUT OF CARDS, ETC.) 



SETRD PRIORITY 
REQ TRIG 
52.10.01 



YES / PRIORITY SATISFIED \ NO 
\ 52.10.01 / ' 



TURN ON PRINT 
READ IN TRIGGER 

51.50.02 



TURN OFF 

RD SCAN TRIGGER 

51.50.02 



TURN ON 

SCAN CALL TRIGGER 

53.40.01 



YES / CARRIAGE STOPPED \ NO 



TURN ON 

PRINT SCAN TRIGGER 

53.40.01 



JE STOPPED \ NO 
40.01 / I 



TURN OFF RD TRANS 

REQ TRIGGER 

52.10.09 



ENERGIZE 1401 

RD SINGLE SHOT 

52.10.08 



TURN OFF PRINT 

READ IN TRIGGER 

53.40.01 



i<= 



NT BUFFER POS 133 ) 



WRITE READ BUFFER CHAR 

INTO ADDRESSED 
PRINT BUFFER POSITION 



WRITE C BIT 

INTO ADDRESSED 

PRINT BUFFER POSITION 



1401 RD SINGLE 

SHOT TIMED OUT 

52.10.08 



Figure 9.2-3 Card Reader to Printer Off-Line Mode 
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The buffer control start key must be pressed to start the operation. If the Op- 
control switch is in the single-Op position, one card is punched each time the start 
key is pressed. The transfer takes place via a series of single memory-cycle 
read and punch scans. A read-scan memory-cycle reads out the addressed read- 
buffer position, and sets this character into the data register. At the end of the 
read-scan memory-cycle, a punch-scan memory-cycle starts. The character in 
the data register writes into the addressed punch-buffer position. The data regis- 
ter resets, and the rings advance only at the beginning of each read-scan memory- 
cycle to allow two memory cycles (scans) to occur for each addressed position. 

If an error stops the operation because the check-stop switch is ON, pressing 
the start key resets the check circuits before the next operation starts. 

9. 2. 03 Read-to-Print Off- Line Mode 



The read-to-print off-line mode causes the 1403 printer to print the information 
that the 1402 reader reads from cards. The operation is independent of the CPU. 
As the reader reads each card, the information from that card is placed in the 
read buffer. The contents of the read buffer then transfer to the print buffer and 
the line prints. 

Operation (Figure 9. 2-3) 

Cards are run into the 1402 read feed to load the first card into the read buffer. 
After the run-in is complete, the operation is set up as follows: 

Switch Setting Notes 

Off line On 



Off-line mode 



Rd-prt 



Removes both the reader and the printer 
from CPU control. 



Check stop 



On 



Stops the operation after the card in 
which an error occurs. 



Op control 



Carriage 



Off Ignores errors. 

Single op Stops the operation after each print line. 

Ctin op The operation continues until either machine 

becomes not-ready. 

Sng space Causes an automatic single space before 

each print line. 



Dbl space Causes an automatic double space before 

each print line. 



Buffer mode 
Single cycle 
Buffer select 
Bit switches 



No effect. 
No effect. 
No effect. 
No effect. 
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BUFFER SELECT SW 

IN READER POSITION 

Sl.i5.lC 



CE RD TRANS GATE 
'.7AC.CB 







YES 


/ 








\ 

\ 






r 1 ^ 


/ «c \ 

STOP SWITCH ON > 


NT 














SET STOP 
LATCH-END 
OPERATION 




Figure 9.2-4 Card Read Integrated Buffer Off-Line MoHp 
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Pressing the buffer -control start key starts the read-to-print operation. A 
read scan and a print scan start at the same time. Both read-buffer and print- 
buffer rings run simultaneously, because there is no memory- sharing between these 
two units. However, both buffers are driven by the same clock. During the read 
portion of a memory cycle, the addressed read-buffer position reads out and is 
gated to the inputs of the print-buffer inhibit-drivers. The character writes into 
the addressed print-buffer position during the write portion of the memory cycle. 
Both the integrated-buffer and print-buffer rings advance on each memory cycle. 

After 80 memory cycles, the integrated-buffer end of scan-trigger signals the 
end of the read transfer. The print buffer then inserts C-bits in all positions from 
81 through 132. When the print-buffer home-trigger signals that the print read-in 
is complete, the print operation starts. While the line is being printed, the reader 
reads in the next card. When both reader and printer finish their respective opera- 
tions, another transfer takes place (under the control of the Op-control switch). 

9. 2. 04 Card-Read Integrated-Buffer Off-Line Mode 

Function 

The read integrated-buffer off-line mode allows the read buffer to be selected and 
scanned under control of the other switches on the CE panel. The card reader is 
not set in motion, and all units associated with the integrated buffer are removed 
from CPU control. 

Operation (Figure 9. 2-4) 

The operation is set up as follows: 



Switch 


Settinq 


Off line 


On 


Off-line mode 


Integrated buffer 


Buffer select 


Reader 


Check stop 


On 




Off 


Op control 


Single op 




Ctin op 


Carriage 


- 


Buffer mode 


Chk sch 




Re gen 




Load 



Notes 



Stops the operation after the scan in which 
the error occurs. 

Errors are ignored (see buffer-mode switch). 

Stops the operation after each scan. 

Causes continuous scanning. 

No effect. 

The operation stops after the cycle in 
which the error occurs. 

Each position reads out and is regenerated. 

Allows the characters that the bit switches 
define to enter into the buffer. 
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PUNCH INTEGRATED 
BUFFER OFF LINE MODE 



BUFFER SEL SW IN 

PUNCH POSITION 

51.45.10 



CE PCH TRANS GATE 
52.10.14 



RD, PCH AND OPTIONS 
1-6 NOT RDY TO CPU 



STOP LATCH ON 
51.50.03 



PCH TRF CHK 
LATCH SET 
52.12.0 



1-0 CHECK STOP 
SWITCH 
51.45.09 



SET STOP LATCH, 
STOP OPERATION 



SINGLE CYCLE SW 



PRESS START KEY 
51.45.13 



SET START LATCH 
51.50.03 



RESET STOP LATCH 
51.50.03 



TURN ON CE 
GO TRIGGER 

51.50.03 



OP CTRL SW IN 
SINGLE OP POS 

51.45.OT 



/THE STOP LATCH IS ON 
— (AT THE BEGINNING OF 
\ THE OPERATION 



SET STOP LATCH 
51.50.03 



SET PUNCH TRANS 
REQ TRIGGER 
52.10.15 



SET PUNCH PRIORITY 

REQ TRIGGER 

52.10.01 



GATE ON PCH SCAN 
TRIGGER 
52.10.02 



ADVANCE BUFFER RINGS 



RESET DATA REGISTER 



RO ADDRESSED 
BUFFER POS 



SET DATA REGISTER 



NO / BUFFER MODE SW \ 
\ IN LOAD POS I 



CHK SEARCH / BUFFER MODE SW IN \ REGEN 
MiEGEN OR CHK SEARCH/ 



ERROR DETECTED 

DURING MEMORY 

CYCLE 



SET PCH TRF CHK LATCH 
52.12.01 



GATE OfFCE 

GO TRIGGER 

51.50.03 



WRITE CHARACTER BACK 

INTO ADDRESSED 

BUFFER POS 



"TZ 



WRITE CHARACTER 

DEFINED BY BIT SW'S 

J INTOADDR BUFFER POS 



n_ 



_n 



zr 



TURN OFF PCH 
SCAN TRIG 
52.10.02 



v 

YEs\ 



NO 



SINGLE CYCLE 



TURN OFF PUNCH TRANS 

REQ TRIGGER 
52.10.15 



Figure 9.2-5 Punch Integrated Buffer Off-Line Mode 
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Switch 


Setting 


Single cycle 


On 




Off 


Bit switches 


Off or on 



Notes 

The operation stops after each memory cycle. 

The operation is under the control of the 
op control switch. 

Inserts bits when the buffer-mode switch 
is in the load position 



The start key is pressed to start any variation of this operation. Once the 
operation starts, the buffer mode, single cycle, and Op-control switches control 
when it stops. 

9. 2. 05 Card Punch Integrated-Buffer Off-Line Mode 
Function 



The punch integrated-buffer off-line mode selects and scans the punch buffer 
under control of the other switches on the CE panel. A scan can be started to 
search for errors. The buffer contents can be displayed. New information can 
be inserted into the punch buffer. The card punch is not set in motion. All units 
associated with the integrated buffer are removed from CPU control. 

Operation (Figure 9. 2-5) 



The switch settings for this operation are: 

Switch Setting 



Off line 



On 



Notes 



Off-line mode 
Buffer select 
Check stop 



Integrated buffer 

Punch 
On 



Stops operation after the scan in which an 
error occurs. 



Off 



Op control 


Single op 




Ctin op 


Carriage 


- 


Buffer mode 


Chk sch 




Re gen 




Load 



Allows errors to be ignored (see buffer- 
mode switch). 

Stops the operation after each scan. 

Causes continuous scanning. 

No effect. 

The operation stops after the cycle in which 
an error occurs. 

Each position reads out and is regenerated. 

Allows the characters that the bit switches 
define to enter into the buffer. 
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(PT Redder Integrated ~\ 
Buffer Off Line Mode ) 



Buffer Select Switch 
in Opt 4 Pos 
51.45.10 

I 



Rd, Pch, Opt 1-6 
Not Rdy to CPU 



Off 



Stop Latch 
51.50.03 



On/ l-O Check Stop Sw 
51.45.09 




On r 



PT Error Latch 
55.10.06 



A off I ° ff / 




Set Stop Latch 
51.50.03 



Single Cycle Switch 
51.45.09 



On 



b/Stop Latch is On at Start 
\of Operation 
, 



Press Start Key 
51.45.13 

I 



Set Start Latch 
51.50.03 



Reset Stop Latch 
51.50.03 



EZ£ 



Turn On CE Go Trigger 
51.50.03 



End Operation 



Ctin Op /Ctin 



°F> 



Single Op 



~\ Sii 



ngle Op 



Set Stop Latch 
51.50.03 



3_r: 



Set PT Trans Req Lat 
55.10.06 



Gate on PT Scan Req Lat 
55.10.07 



Set PT Rd Scan Latch 
55.10.07 



_n 



Advance Buffer Addr Rings 



Reset Int Sync Data Reg 



I 



No 



Chk Search 



/Buffer Mode Sw in Regen\ Regen 
S. or Chk Search Position ) 



RO Addressed Position 
& Set Data Reg 

J Buffer Mode Sw in \ Yes 
\ Load Position ) 



Yes /Error Detected During 
| \ Memory Cycle 



No 



Write Char Back Into 
Addressed Buffer Pos 



Set PT Error Latch 
55.10.06 



Yes 



Write Char Defined By Bit 
Sw's Into Addr Buffer Pos 



Write Char Back Into 
Addressed Buffer Pos 



Gate Off CE Go Trigger 
51.50.03 



' — ' V No 

Buffer Position 79 V— - 



Yes 



/ Single Cycle 



Reset PT Trans Req Latch 
55.10.06 

E 



Reset PT Scan Req Latch 
55.10.07 



Reset PT Rd Scan Latch 
55.10.07 



Figure 9.2-6 Paper-Tape Read Integrated Buffer Off-Line Mode 
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Switch 


Setting 


Single cycle 


On 




Off 


Bit switches 


Off or on 



Notes 

The operation stops after each memory cycle. 

The operation is under the control of the Op- 
control switch. 

Cause corresponding bits to enter into the 
buffer (see buffer mode, load position). 



The start key must be pressed to start any variation of this operation. Once 
the operation starts, it is stopped by the buffer-mode, single-cycle, and Op-control 
switches. 

9. 2. 06 Paper-Tape Read-Integrated-Buffer Off- Line Mode 

The paper-tape integrated- buffer off-line mode allows paper-tape (PT) storage to 
be scanned for display, for error searching, or for entering new information from 
the CE panel bit switches. The entire integrated synchronizer and all associated 
units are removed from CPU control. The PT reader is not set in motion. 



Operation (Figure 9. 2-6) 



Switch 


Setting 


Off line 


On 


Off-line mode 


Integratec 


Buffer select 


Opt 4 


Check stop 


On 




Off 


Op control 


Single op 



Notes 



Integrated buffer Removes the integrated buffer and asso- 
ciated units from CPU control. 



Stops the operation after the scan in which 
the error occurs. 

Ignores errors (see buffer-mode switch). 

Stops the operation after each scan (80 
memory cycles). 



Carriage 
Buffer mode 



Ctin op 

Chk sch 

Re gen 
Load 



Causes repetitive scanning. 

No effect. 

The operation stops after the memory 
cycle in which the error occurs. 

Each position reads out and is regenerated. 

Places the characters that the bit switches 
define into PT storage. 
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PRINT BUFFER 
OFF LINE MODE 



PRINTER CE MODE 



PRINT NOT 
READY TO CPU 



428 



NO / STOP LATCH ON 
51.50.03 



YES / TRANS AND PRINT \ NO 

\ ERR LATCH ON / 



CHECK STOP SW 



SET STOP LATCH 



(SINGLE CYCLE SWITCH). 



/the stoplat ison\ 
i at the beginning ] 

v of the operation / 



PRESS START KEY 
51.45.13 



SET START LATCH 

51.50.03 



RESET STOP LATCH 
51.50.03 



TURN ON 

CE GO TRIGGER 

51.50.03 



CTIN / CTIN OP^--' \ SINGLE 

\ -^SINGLE OP/ 



SET STOP LATCH 



CE GATE ON 

READ TRIGGER 

53.40.02 



RESET TRANS AND 
PRINT ERROR LATCH 



TURN ON READ 

IN TRIGGER 

53.40.01 



ADVANCE PRINT 
BUFFER RINGS AND 

RESET DATA REG 



RO ADDRESSED PRINT 
BUFFER POSITION 



SET DATA REGISTER 
53.10.01 53,10.02 



BUFFER MODE 

SW IN LOAD POS 

51.45.12 



BUFFER MODE SW 

IN REGEN 
OR CHK SEARCH 



ERROR DETECTED 

DURING 
MEMORY CYCLE 



SET TRANS AND 

PRINT ERROR LATCH 

52.12.01 



TURN OFF 

READ IN TRIGGER 

53.40.01 



WRITE CHARACTER 

BACK INTO ADDRESSED 

BUFFER POS 



WRITE CHARACTER 
DEFINED BYBITSW'S 
INTO ADDR BUFFER POS 



■Hsi 



OP CONTROL SW IN 

S 
Y 51.45.09 



SET STOP LATCH 
51.50.03 



YES / POS 132 

" \ 53.40.02 



SINGLE CYCLE 
51.45.09 



TURN OFF 
READ IN TRIGGER 

53.40.01 



GATE OFFCEGO 
51.50.03 



Figure 9.2-7 Print Integrated Buffer Off-Line Mode 



Switch 



Single cycle 



Bit switches 



Setting 
On 

Off 

Off or on 



Notes 

The operation stops after each memory cycle. 

The operation is under control of the op-control 
switch. 

Insert bits when the buffer-mode switch is 
in the load position. 



Pressing the start key starts the operation. After the operation starts, the 
buffer-mode, single-cycle, and Op-control switches control when it stops. Each 
scan is a full 80-memory-cycle scan instead of the normal serial scan that can 
vary in length. 

9. 2. 07 Print Integrated-Buffer Off- Line Mode 
Function 

The print integrated-buffer mode is similar in function and operation to the inte- 
grated-buffer mode. The print buffer circuitry is removed from CPU control. No 
information prints, because the printer is not set in motion. The print buffer is 
scanned under control of the other switches on the CE panel. 

Operation (Figure 9. 2-7) 

The variations of this operation are set up as follows: 



Switch 
Off line 
Off-line mode 
Buffer select 
Check stop 



Op control 

Carriage 
Buffer mode 



Setting 

On 

Print buffer 

On 

Off 

Single op 
Ctin op 

Chk sch 
Re gen 



Notes 



No effect. 

Stops the operation after the scan in 
which error occurs. 

Causes errors to be ignored. 

Stops the operation after each scan. 

Causes continuous scanning. 

No effect. 

The operation stops after the cycle in 
which the error occurs. 

Each position reads out and is regenerated. 
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[ CARD READER SELECTED ) 



CE RD TRANS GATE 
52.10.08 



G> 



RD NOT READY TO CPU 
52.11.01 



CK LATCH On\ 
.12.01 / 



/check stopswon\ 

\ 51.43.09 f~ 



/ STOP LAT ON V 
"V. 51.50.03 r~ 



SET STOP LATCH 
51.50.03 



TURN ON 

CE GO TRIGGER 

52.10.02 



P«ESS START KEY 
51.45.13 



SET START LATCH 
51.50.03 



RESET STOP LATCH 
51.50.03 



TURN ON CE GO TRIG 
51.50.03 



OP CTRL IN 

SINGLE ORCTIN OP 

51.45.09 



SET STOP LATCH 
51.50.03 



SETRD 

TRANS REQ TRIGGER 

52.10.09 



<STOP LATCH ON AT \ 
START OF OPERATION J 



SETRD 

PRIORITY REQ TRIGGER 

52.10.01 



TURN ON RD 

SCAN TRIGGER 

52.10.02 



ADVANCE RD 
BUFFER RINGS 



TURN Of F CE 

GO TRIGGER 

51,50.02 



PRIORITY SATISFIED \ NO 
52.10.01 



TURN OFF RD 

SCAN TRIGGER 

51.50.02 



TURN OFF RD 
TRANS REQ TRIGGER 
52.10.09 



ENERGIZE 1401 

RD SINGLE SHOT 

52.10.06 



SET 1401 RD LATCH 
52.10.08 



ENERGIZE RD CLUTCH 
52.10.09 



READER END OF 

SCAN TRIGGER ON 

51.32.01 



y ES /1401 RD SINGLE SHOT\ NO 

l C TIMED OUT 

J . \ 52.10,08 



RD NEXT CARD 
INTO RD SUFFER 



READ OUT i REGENERATE 
ADDRESSED POS 



/ CLOCK, RING, 
-( OR PARITY ERROR 
\ 52.12.01 



SET READ CHECK LATCH 
52.12.01 



NO / HOl£ C0UNT / 

-(vALID1TY,PARITY,CLOCK; 
OR RING ERROR 



15 



SET READ CHECK LATCH 
52.12.01 
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Figure 9.2-8 Card Reader Selected Off-Line Mode 



Switch 



Single cycle 



Bit switches 



Setting 
Load 

On 
Off 

Off or on 



Notes 

Allows the characters that the bit switches 
define to enter into the buffer. 

The operation stops after each memory cycle. 

The operation is under the control of the 
op-control switch. 

Insert bits when the buffer-mode switch 
is in the load position. 



9. 2. 08 Card-Reader Selected Off-Line Mode 
Function 

In the selected-read buffer-off mode, the read buffer is removed from CPU con- 
trol without affecting the other integrated buffer units. A transfer scan is taken. 
When the scan is complete, the card reader sets in motion to read the next card 
into the buffer. The operation is under control of the Op-control switch. 

Operation (Figure 9. 2-8) 

This operation is set up as follows: 

Setting 



Switch 
Off line 
Off-line mode 
Buffer select 
Check stop 



Op control 



Carriage 
Buffer mode 

Single cycle 
Bit switches 



Notes 



On 

Selected buffer 

Reader 

On 

Off 

Single op 
Ctin op 



Removes only the reader from CPU control. 

Stops the operation after the card in which 
an error occurs. 

Causes errors to be ignored. 

Stops the operation after each card feeds. 

Causes continuous operation until reader 
becomes not -ready (see check stop). 

No effect. 

Nc effect. Data are regenerated during the 
transfer scan 

No effect. 

No effect. 
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^SELECTED PUNCH SUfFflJ 



CE PCH TRANS GATE 
52.IG.M 



YES / CHECK STOP SWITCH \no 

--/ ON 

51.45.09 



— / PCH CHK LATCH ON \— 



TWIN ON 

CE GO TRIGGER 

5?. 10.03 



PCH NOT READY 
10 CPU 

3J.11. 01 



STOP LAKH ON \ 
51.S0.03 f~~ 



START LATCH 
51.50.03 I 



TURN ON CE 

GO TRIGGER 

51.5C.03 



OP CTRL 

IN SINGLE 
OS CTIN OP 



SET PCH TRANS REQ 
TRIGGER 
32. ID. 15 



/stop LATCH ON AT 
"(START Of OPERATION 



TIN OP / 

.45.09 / 



SET PCH PRIORITY 

REQ TRIGGER 

32.10.01 



TRF PCH CHK I 

TO PCH CHK 2 

52.10.02 



THERE IS AMPLE TIME 
TO COMPLETE THE 
TRANS SCAN BEFORE 
THE CARD IS PUNCHED. 



TURN OFF PCH 

SCAN TRIGGER 

52.10.02 



TURN OFF PCH 

TRANS REQ TRIG 

52.10.15 



TURN ON PCH 

SCAN TRIGGER 

52. 10.02 



END OF SCAN 

TRIGGER ON 

51.32.01 



TURN OFF CE 

GO TRIGGER 
51.50.02 



PRIORITY SATISFIED 



LOAD CHARACTER 

DEFINED BY BIT SWITCHES 

INTO ADDRESSED POS 



TURN OFF PCH 

PRIORITY REQ TRIGGER 

52.10.01 



k HOLE COUNT ERROR 



15 



CLOCK, RING 
OR PARITY ERROR 

52.12.01 



Figure 9.2-9 Punch Selected Off-Line Mode 
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9. 2. 09 Card-Punch-Selected Off- Line Mode 
Function 

This operation takes a punch transfer scan to fill punch storage. After the transfer 
scan, the record is punched into a card. Punch storage is removed from CPU 
control without affecting the other integrated buffer units. 

Operation (Figure 9. 2-9) 

Because the other integrated-buffer units are still under CPU control, a complete 
scan must be taken each time an operation starts to free the buffer rings for 
other operations. This means that single-cycle and check-search operations can- 
not be performed in this mode. The selected punch-buffer off-line mode is set up 
as follows: 



Notes 



Switch 


Setting 


Off line 


On 


Off-line mode 


Selected buffer 


Buffer select 


Punch 


Check stop 


On 




Off 


Op control 


Single op 




Ctin op 


Buffer mode 





Carriage 
Single cycle 
Bit switches 



Off or on 



Removes only the punch from CPU control. 

Stops the operation after the card in which 
an error occurs. 

Causes errors to be ignored. 

Stops operation after each card. 

Causes continuous operation until the 
punch becomes not -ready. 

No effect. Characters are always loaded 
from bit switches during the transfer 
scan. 

No effect. 

No effect. 

Insert bits during transfer scan. 



Cards must be run into the punch to put the punch in a ready status. The start 
key is pressed to initiate the operation. Once the operation starts, the operation 
continues under control of the Op-control and check-stop switches. 

9. 2. 10 Paper-Tape-Reader -Selected Off- Line Mode 

The paper-tape-reader-selected off-line mode removes the PT buffer and the PT 
reader from CPU control for testing and troubleshooting. A PT transfer scan is 
taken, and when this scan is complete, the PT reader is signalled to begin reading. 
As each character is received from the PT reader, a serial scan is taken to store ' 
the incoming character. 
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See Figure 3.3-2 ) 
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Press Start Key 
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Figure 9.2-10 Paper Tape Reader Selected Off Line Mode 
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Operation (Figure 9. 2-10) 



Switch 


Settinq 


Notes 


Off line 


On 


- 


Off-line mode 


Selected buffer 


- 


Buffer select 


Opt 4 


Opt 4 (PT reader) removes from CPU 
control. 


Check stop 


On 


Stops the operation after the PT recoi 



Op control 



Carriage 
Buffer mode 

Single cycle 
Bit switches 



Off 

Single op 
Ctin op 



Causes errors to be ignored. 

Stops the operation after each PT record. 

Causes continuous operation until the PT 
reader becomes not-ready. 

No effect. 

No effect. Data are regenerated during 
transfer scan. 

No effect. 

No effect. 



The start key starts this operation. Once the operation starts it continues 
under control of the Op control and check stop switches. 

9. 2. 11 Printer-Selected Off- Line Mode 

Function 

This operation causes a print-transfer scan. During the transfer scan, the char- 
acter defined by the bit switches is loaded into all print storage positions. The 
record is then printed. Either single lines or continuous printing can be started, 
depending on the setting of the Op-control and check-stop switches. Print storage 
is the only unit removed from CPU control. 
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Figure 9.2-11 Printer Selected Off-Line Mode 
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Operation (Figure 9. 2-11) 

The operation is set up as follows: 



Switch 


Setting 


Off line 


On 


Off-line mode 


Selected buffer 


Buffer select 


Printer 


Check stop 


On 




Off 


Op control 


Single op 




Ctin op 



Carriage 



Buffer mode 

Single cycle 
Bit switches 



Sng space 



Dbl space 



Notes 



Off or on 



Removes only the printer from CPU control 

Stops the operation after the print line in 
which an error occurs. 

Causes errors to be ignored. 

Stops the operation after each print line. 

Causes continuous operation until the printer 
becomes not -ready. 

The automatic-carriage single-spaces after 
each print line. 

The automatic carriage double spaces 
after each print line. 

No effect. Characters are always loaded 
from bit switches during the transfer 
scan. 

No effect. 

Inserts bits during the transfer scan. 



9. 2. 12 Oscilloscope Sync Generation 

Two sets of switches on the CE panel define the oscilloscope sync pulses that are 
available at the sync hub. Either a print-buffer or integrated-buffer address can 
be selected, depending on the setting of the buffer-select switch. These pulses 
are always available whether operating on line or off line. 

The customer engineer can further condition the sync pulses by adding a de- 
sired signal to the circuitry on logic 51. 50. 04. Any line labelled CE Input can 
have additional sync timing. 

9. 3. 00 TAPE-ADAPTER UNIT CE PANEL (FIGURE 9. 3-1) 

The CE panel on TAU consists of: a pluggable control panel , fifteen switches, and 
an indicator panel. The CE panel duplicates all of the request signals to TAU in 
addition to making manual data lines available. All operations in TAU occur in a 
normal manner. 
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Figure 9.3-1 Tape-Adapter Unit CE Panel 
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Switches 

Stop on Error. When this switch is active, a TAU manual stop-on-error-line is 
conditioned. This line checks the condition of the TAU error latch and the 
R/W vertical redundancy check (VRC) latch. If the error latch is ON, the 
stop-on-error line blocks the inputs, and resets to the read registers A and 
B. If the R/W VRC latch is ON, the stop-on-error line blocks the inputs, and 
resets to the R/W register. At the end of the operation, these registers con- 
tain the character or condition that caused the error. The stop-on-error line 
also prevents further TAU operations from being performed by keeping the 
busy line active. The stop-on-error line is conditioned for the following errors, 
if the stop-on-error switch is active: 

1. Read longitudinal redundancy check register (LRCR) error 

2. Skew error 

3. No-echo error 

4. R/W register VRC error 

5. Write A-register VRC error 

6. Compare error. 

Because TAU checks for a compare error at the same time that it resets 
the read registers, the manual stop-on-error line gates an earlier read-clock 
pulse, and the stop-on-error line blocks the reset to the read registers. 

CE Operation. If this switch is active, TAU is under control of the CE panel. The 
CE Op switch must be ON to condition all of the other switches in CE operation 
except stop-on-error. The CE operation switch lights the tape off-line indica- 
tor on the 1415 console. 

CE Reset. If this switch is active in CE operation, the CE control circuits reset, 
and the TAU reset line is conditioned. The TAU reset line resets the circuits 
in TAU to their normal status. 

CE Start. Pressing the start button in CE operation, turns on the start latch. The 
start latch output generates a CE pulse. This CE pulse and the pluggable- 
control panel develop the manual-request signals for TAU. Releasing the start 
button resets the start latch. The busy line at the end of the TAU operation 
generates the next CE pulse. 

CE Single Cycle. The CE single cycle switch blocks the generation of a CE pulse 
by the busy line. The start button must be pressed for each manual request 
signal to TAU. 

Write All Ones. When this switch is active in CE operation, the write-data lines 
are conditioned to write all seven bits of a character each write cycle. 
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CE Rewind. If this switch is active in CE operation, a rewind call signal is sent 
to the TAU. The TAU operates in a normal manner when it receives this re- 
quest signal, and rewinds the selected tape unit. 

CE Rewind Unload. If the CE rewind-unload switch is active in CE operation, a 
rewind-unload call signal is sent to the TAU. The TAU operates in a normal 
manner when it receives this request signal, and rewinds and unloads the se- 
lected tape unit. 

Turn Off TI. "When this switch is active in CE operation, a manual-request signal 
is generated to turn off the tape -indicator in the selected tape unit. 

Odd Redundancy. If the odd redundancy switch is on in CE operation, a manual 

odd- redundancy- call signal is generated to turn ON the odd- redundancy latch in 
TAU. This odd -redundancy latch conditions all TAU VRC's for the odd-redun- 
dancy operation. If this switch is not active, the TAU VRC's are conditioned 
for the even- redundancy operation. 

Register A-Only. When this switch is active in CE operation, conditions are set 
up to force TAU to use the A-read register for data transmission. The switch 
conditions the register- A-only line, that blocks the A-read-register vertical- 
redundancy check. Because the A-read register cannot indicate whether it is 
invalid, the data for the R/W register and the LRCR always comes from the 
A-read register. 

Register B-Only. If this switch is active in CE operation, conditions are set up 
to force TAU to use the B-read register for data transmission. This switch 
conditions the register-B-only line that causes an A-read-register vertical- 
redundancy error every read cycle. Because the A-read register indicates an 
error, the data for the R/W register and the LRCR always comes from the B- 
read register. 

Compare Check. The compare- check switch in CE operation compares the A-read 
register to the B-read register during a read operation. Because the registers 
are compared as a function of the normal write operation, this switch is not 
needed during writing. 

Early Sample. If the early-sample switch is active in CE operation, the skew-gate 
latch in TAU turns ON one read count earlier during read and write operations. 
The skew-gate latch turns ON early to enable a more critical check of the skew 
within each character. 

Amplifier Bias. When this switch is active in CE operation, the acceptance levels 
of the TAU final amplifiers are altered. In a read operation, the final ampli- 
fiers are conditioned to accept data at the normal write-operation levels. In a 
write operation, the final amplifiers are conditioned to accept data at the nor- 
mal-read operation levels. 

Pluggable Control Panel. The pluggable control panel enables customer engineers 
to program the TAU operations manually. By using the control panel, a custo- 
mer engineer can select tape units, generate request signals, vary the length 
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of the tape records, and vary the bit configurations for each of five characters. 
The CE control circuits include three rings or counters to condition the hubs 
of the control panel. These three rings ( instruction, special, and character 
counter) operate independently. 

Instruction Ring. The instruction ring is a four-stage counter that the CE reset 
line resets and steps when the busy line is deconditioned. The reset line turns 
the first stage ON, and turns the other three stages OFF. As a result of the 
reset, the output from the first stage is available immediately after reset time. 
Instruction ring 1, instruction-out, and select-out hubs of the control panel are 
conditioned at this time. These hubs select a tape unit and request a TAU 
operation. When the CE start button is pressed, the CE pulse generates the 
request signal to TAU. The busy line is conditioned when TAU accepts the 
request signal, and it remains conditioned throughout the operation. When the 
operation ends, the busy line is deconditioned. At this time, the instruction 
ring is stepped and another CE pulse is generated to start the next operation. 
The instruction ring operates in a loop (1, 2, 3, 4, 1, 2, 3, 4, 1, etc. ) until 
the CE reset switch is activated, or until the special ring is conditioned, or 
until the single-cycle switch is activated. 

Special Ring. The special ring can be used only following an error in TAU. The 
control-panel error and special-routine hubs must be connected to condition 
the special ring. This special two-stage ring is used for special CE pro- 
gramming when an error is detected. Example: backspace and read, back- 
space and write, backspace and erase, etc. 

Character Counter. The thirteen- stage character counter controls the variable- 
length record and the sequence of the five characters. The outputs of the char- 
acter counter condition the character hubs, and count the hubs of the control 
panel. 

Select Out. When these hubs are conditioned by the instruction ring and special 
ring, they select a tape unit for operation. 

Select In. These ten positions of the control panel correspond to the ten tape units 
that TAU operates. The hubs are wired from the Sel Out hubs and must be 
conditioned for TAU operation. 

Instruction Out. When the instruction- out hubs are conditioned by the instruction 
ring and the special ring, they generate request signals to TAU. 

Instruction In. These five hubs are wired from the Inst Out hubs and are used with 
the CE pulse to develop the request calls to TAU. 

Off, Error, Special Routine. These three hubs control the operation of the special 
ring. If the special routine hub is wired to the error hub, an error condition 
in TAU starts the special ring. If the off hub is wired to the special routine 
hub, the special ring operation is blocked. 

Count Hubs. These hubs control the timing of the disconnect call signal to TAU. 
The count (CNT) hub must be wired from one of the count number hubs (1, 5, 
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80, 320, 1000, or continuous). The count number hubs are conditioned by the 
character counter. 

Character Hubs. Five sets of character hubs are available on the control panel. 
Any bit configuration desired can be wired for each of the five characters. The 
sets of character hubs are controlled by the character counter. If the number 
of characters that is called for exceeds five, the output from the character hubs 
is repeated. Example: 1, 2, 3, 4, 5, 1, 2, 3, 4, 5, 1, 2, etc. 

Indicator Panel. The indicator panel contains a visual indication of the status of 
the control circuits in TAU and of the CE control unit. There is an indication 
for each register, counter, clock and ring, as well as most of the control 
latches . 
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10.0.00 POWER SUPPLIES 



The IBM 1410 Data Processing System requires a 3-phase 208 or 230 volt ac 
source of voltage. The main-line voltage feeds to the 141 1A frame of the CPU. 
The power-on key on the console controls the tape frames, RAMAc" files, reader- 
punch, and printer except when they are off-line for independent operation. The 
independent control must be manually set for the peripheral equipment. 

Power is brought to a circuit-breaker-distribution panel (Figure 10. 0-1) in the 
141 1A frame of the CPU. The ac voltage feeds from the circuit breakers into 
ferroresonant regulators where it is changed to a regulated ac voltage. These reg- 
ulated ac voltages are distributed to the dc supply modules, where ac is converted 
into regulated dc voltages. 

The circuits that use the incoming voltage without regulation, motors, etc. feed 
directly from the source through the circuit breakers and to the units. 

The various power supply voltages that are distributed from the main power 
source are: + 6Vdc, -6Vdc, +12V dc, -12V dc, + 30Vdc, -36V dc, -48V dc 
+ 60V M, 115V ac and 208V ac. 

These voltages from the individual power supplies are brought to a laminar 
bus in each frame. The laminar bus makes all the various voltages available for 
easy access to the SMS card bases for wiring. 

10. 1.00 REGULATION 

The ferroresonant regulators that the 1410 power supply uses consist of special 
transformers and capacitors. The capacitors and the transformers are packaged 
into separate modules for flexibility in mounting. The regulators are available in 
several output ratings, ranging from 250 to 1840 watts. 

The ac regulator changes the line voltage to a regulated voltage of approximately 
133V ac for the dc power -supply modules. 

The dc power-supply module consists of an isolation transformer, solid-state 
rectifiers, associated filter networks, and a magnetic-type circuit breaker for 
overcurrent protection. The dc power supply incorporates a series regulator 
(that consists of an SMS pluggable- amplifier card), power transistors, and filters. 
These provide a dc voltage with + 2% regulation. 

10. 2. 00 SPECIAL- VOLTAGE POWER-SUPPLY UNIT 

Special voltages are required to supply core-driver circuits. Two voltages are 
developed from the two supplies 7 and 8 that feed through the ferroresonant regu- 
lator 2 from circuit breaker 5. Both power supplies 7 and 8 have a separate con- 
trol for setting their output voltage. PS7 supplies + 25V dc at 4 amperes and PS8 
supplies +60V dc at 6 amperes. 
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10. 3. 00 POWER-ON SEQUENCE (FIGURE 10. 3-1) 

The master-circuit breaker that is located on the 141 1A power-supply frame con- 
trols the incoming power to the system. When the master-circuit breaker is ON, 
power is supplied to a 24V ac transformer. This transformer (T2) supplies the 
power to pick MPK relay, that closes the MPK contacts 1, 2, 3. 

With power on at the circuit-breaker panel, pressing the power-on key on the 
console starts the power-on sequence. (Figure 10. 3-2) 

10.4.00 EMERGENCY OFF 

Pulling the emergency-off switch, drops relay MPK, and opens the circuit at the 
multiple -circuit breaker. MPK points 1, 2, 3, are in series with the CB panel. 
This also drops the power to other peripheral equipment that have their own line 
cords. 

The emergency-off switch is mechanically interlocked so that once it has been 
operated, it can not be reset from outside the console. 

To reset the emergency-off switch, the control-unit cover must be removed 
from outside the console, and the contact locking spring must be lifted. 

Relay 76 provides the emergency power control for special features that can 
be added to the system. 

10.5.00 DC-OFF (FIGURE 10. 5-1) 

Pressing the dc-off key on the console drops all the dc power to the units. The 
system-power -off, memory-heater, and file-ready relays are not affected by the 
dc-off operation. The dc-off sequence starts when the machine drops R5, and then 
steps down to a complete dc power-off condition on the system. (Figure 10. 5-2) 

Other conditions that initiate dc-off are: 

1. Loss of an output of a ferroresonant regulator. This causes the corresponding 
sense relay to drop. This condition opens the hold circuit to R5 dc-off relay. 

2. The tripping of a series regular CB. If a series regulator CB in any frame 
trips, R53 is picked up, and two indicator lights come on. One light indicates 
that a power supply CB tripped, and the other shows the location of the power 
supply. 

3. If the memory-array temperature goes above or below the specified limits, the 
thermal switch closes. This condition picks R69 and also drops R5. 

Pressing the power-on key restores the dc power and the sequence for power- 
on takes place in the same order as a normal power-on operation. 
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Figure 10.3-2 Power On 
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POWER SUPPLY. 
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R12 AL n/o, 15 AL n/o, 17 AL n/o, 20 AL n/o 



-48v DC -36v DC -Memory Supplies R5 AL n/o 



Memory Supply (+30M+60M) R6 AU n/o 



Memory Sense Relays - Ferro 2 off 



CPU Logic 4 -36v DC off R49-1 n/o 



Ferro 1 off R2 AU n/o 
CPU Logic Power 



-60v DC Sense off 
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Figure 10.5-2 DC Off 
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I/O Logic Supply for 1414 3. 1402 R9AL n/o or R10AU n/ 



Figure 10.7-1 Input-Output Synchronizer (Power On) 
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10.6.00 POWER-OFF 

Pressing the power-off key removes all ac and dc power from the system. The 
power-off sequence starts by dropping the R3 system power -off relay. The R3 AL 
drops the R5 dc-off relay. This condition starts the machine into a dc-off condition. 

Power -off is initiated by the following conditions: 

1. Pressing the power -off key on the console. 

2. The blower CB trips. 

3. A thermal switch in one of the frames opens. 

When either the blower CB trips, or a thermal switch opens: 

1. One of these thermal relays drops: R46, 47, 48, 65, 66, 67, 68. 

2. A latch relay, R45, picks and latches up. 

3. Two lights light: 

a. A thermal light indicates that the trouble is thermal. 

b. A location light indicates the frame in which the trouble is located. 

4. 45-1 drops R3 (power-off relay). 

5. 45-2 opens and prevents resetting of the thermal relays. 

6. 45-3 lights the thermal lights. 

7. 45-4 prevents any of the lights from coming on with an initial power -on. 

10. 7. 00 LOCAL REMOTE OPERATION - I/O (FIGURE 10. 7-1) 

When the off-line mode switch on the 1414 I/O synchronizer is set in any other po- 
sition than normal, the power supply and on-line controls from the 1411 CPU are 
not effective. This switches the I/O units to an independent operation. Pressing 
the off-line key on the 1414 console picks relays 54 and 1 in the 1411 CPU. This 
transfers the 115V ac supply from R4 BL, through 1AN/C, directly to the output of 
the transformer, and through lAN/O. R54-1 N/C opens the circuit to short out the 
power-off switch on the 1414 and to make it operative. This relay switches the dc 
control from the console unit to the 1414 CE panel on and off switches. The light on 
the console indicates the status of the units for local or remote operation. The off- 
line light is ON when the unit is selected for local operation. In this mode the power 
for the synchronizer is under the control of the power -on and off keys that are lo- 
cated on the CE panel of the synchronizer. 

If the switch is transferred from remote to local after the power is on the sys- 
tem, the dc power is not lost to the synchronizer. Pressing the power-off key that 
is located on the CE console drops relays 9 (I/O logic dc-off) and 24 (fer rosense). 
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10. 8. 00 TAU OFF-LINE OPERATION- LOCAL-REMOTE SWITCH (FIGURE 10. 8-1) 

The local-remote switch on the CE panel of the TAU units selects each unit for 
on-line or off-line operation. With the switch set to remote mode, the unit is 
on line with the system. In local mode, the unit is off line and has independent 
dc-on, dc-off operation from the CE panel. 

10. 9. 00 FILE CONTROL UNIT (FCU) OFF-LINE OPERATION- LOCAL-REMOTE 
(FIGURE 10.9-1) 

The local-remote switch on the CE panel provides manual control (similar to the 
TAU) for selecting the FCU for on-line-with-the-system operations, or for off- 
line - for - checking -and- s er vicing operations . 

10. 10. 00 POWER -FAULT INDICATORS 

The loss of power from any ac or dc supply is detected by the picking of relay 53 
in the 1411A frame. Picking of relay 53 opens the circuits to dc-off control for 
the system, and indicates the type of failure and unit location by lights on the 
141 1A control panel. The failure can be classified as one of the following types. 

10.10.01 Thermal Reset 



This condition latches up thermal relay 45. This isolates the power-on circuit 
until the thermal-relay latch is reset. Pressing the thermal-reset key on the 1411 
CE panel-latch trips relay 45, and restores the circuitry to normal. 

10. 10. 02 Overcurrent Failure 



This type of failure trips the circuit breaker on the particular power- supply module 
that is involved. This condition is caused by overloading the power supply be- 
cause of a circuit-component failure. A light on the control panel of the 1411 A 
unit indicates the general location of the power unit. 

10. 10. 03 Overvoltage Failure 

The overvoltage type of failure is detected by an overvoltage protection device that 
is set for a maximum voltage range. When the voltage -protection device senses 
an overvoltage condition, a circuit breaker trips and power turns off. An indicator 
shows the section where the failure occurred. 

10. 11. 00 MARGINAL CHECKING 

Marginal checking in the 1410 system can be accomplished on any frame. The 
marginal-check circuitry is brought to the CE panels of the units and terminates 
at a jack. Through jack connections, the marginal -check portable-power supply 
can be connected to a particular frame for checking. Controls on the portable 
supply perform the marginal checking. 
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Figure 10.8-1 Power On, Tape Units 
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RUAUn/oFCU 1 
R19AUn/oFCU2 
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R15ALn/oFCU 1 
R19ALn/oFCU2 



Ferro Sense Relays 



DC off Switch 



Figure 10.9-1 Power On, File Units 
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10. 12. 00 PORTABLE MARGINAL-CHECK POWER-SUPPLY UNIT 

The application of the marginal-check unit to a system permits the customer engi- 
neer to change a particular voltage by ±3V. For example, +12V can be varied from 
a + 9V to a +15V to assist in locating marginal or intermittent failures. 

The portable marginal- check unit is designed for use with machines that have 
the marginal- check circuitry wired to jack receptacles on the CE panels. 

The unit operates on 115V ac and has a series regulator built in to supply a 
normal regulation of ± 2% in reference to ground. 

The remote control is attached to the power supply unit by a long cable, so that 
the control can be carried around the machine while marginal- checking is being 
performed. 

Remote control permits full control of the marginal power -supply unit. The 
variable control has an off position for turning the output OFF, and a potentiometer 
to control the output voltage from 0V to 3V. A toggle switch on the unit gives a 
setting to select either buck or boost voltage. 

The power unit has a power- supply attachment cord for input voltage from any 
available 115V ac outlet. The output cord has a plug to connect the power supply 
to the jack receptacle on the CE panel of the unit by means of the marginal-check 
jack receptacles. 

The unit is protected from overload voltage by a 6-ampere circuit-breaker 
that is located on the component panel in the power- supply unit. The marginal- 
check unit circuit-breaker trips, if the remote control switch is set to the boost 
position, and if the jack plug is not inserted in a marginal -check jack receptacle 
when power is ON. 

The main-line switch is located on the top near an indicator light. The light 
gives a visual indication that the power is ON when the unit is in use. 

A safety control is built into the marginal check unit. The control insures 
that the potentiometer is set at zero when the unit is attached. This prevents any 
surge of current into the transistor circuitry that could result in damage to the 
components of that circuit. 

When the power supply is first set up and connected to the machine marginal- 
check jack, it does not have any output until the remote control has been set to zero. 
This step picks the RY1 relay that opens the power-supply output shunt. The RY1 
relay is self -holding until the jackplug is disconnected, or until the main-power 
switch on the unit is turned off. Caution : Always extract the jackplug from a 
marginal-check jack receptacle with the control potentiometer set at zero. 

Figure 10. 12-1 is a block diagram of marginal-check power supply. Figure 
10. 12-2 illustrates the theory of operation when the marginal -check unit is con- 
nected in series with the SMS power supply. The rectified dc voltage acts as a 
battery that is in series with the SMS power supply. The series regulator effects 
a controlled impedance in series with the rectified dc voltage. When in boost- 
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Figure 10. 12-1 Marginal-Check Power Supply (Portable Unit) 



3v@5 Amp 











SMS 




* 




„ 






Power 


9 


■Ml 








Jf Rec 


tifier & Fi 
eries Regu 


ter 

ator 

+ 






Supply 
6v or 12 v 

+ 






Load 

L-o-V\AA 










MC Unit 






-o — 







Figure 10.12-2 Marginal-Check Unit in Series with SMS Power Supply 
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output mode, the impedance is low. This allows the dc voltage to add to the load 
voltage. When in buck-output mode, the impedance is high. This condition causes 
all the rectified dc voltage, and a maximum of 3 volts of the load voltage, to drop 
across the impedance. This results in a voltage reduction across the load. The 
amount of change effected by this unit depends upon the drive that the series regu- 
lator induces within the maximum- load limit of 5 amperes. 

The SMS series regulator-control card plugs into the receptacle in the power- 
supply unit. 

Caution: When the unit is in use do not block the ventilating fan airflow through 
the ends of the power supply unit. 

10.13.00 POWER -UNIT LOCATIONS 

Figure 10. 13-1 shows the location on the front of the 1411A frame of the following: 
the power-supply unit, circuit breakers, cable connectors, K-relays, controls, 
indicator lights, and marginal -check jacks. 

Figure 10. 13-2 shows the location on the rear of the 141 1A frame of the follow- 
ing: the relay gate assembly, terminal blocks, control transformers, and power 
supply. 

10. 13. 01 Frame and Chassis Designations 

Figure 10. 13-3 is a chart that shows the voltage designations for the laminated 
bus pins. 
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Figure 10. 13-1 IBM 141 1 A Frame Front 
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Figure 10.13-2 IBM 141 1A Frame Rear 
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FRAME AND CHASSIS DESIGNATION 
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Figure 10. 13-3 Frame and Chassis Designation 
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